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PREFACE. 

Thb fayourable reception accorded to his treatise on Dock Engineering 
led the author to consider the possibility of supplementing that work by a 
companion volume on the kindred subject of Harbour Engineering. 

The principal difficulty lay in making such a treatise complete and self- 
contained without recapitulating a good deal of material which had appeared 
in the earlier book, and which was equally essential in the present instance, 
the two departments of maritime engineering having so much in common as 
to be generally practised together. 

The most acceptable solution which suggested itself consisted in treating 
this common material in a somewhat different way from that previously 
adopted, by presenting fresh points of view, additional features of interest, 
and new illustrations. This plan has been followed, and it is hoped that it 
will meet with approval. 

Once more the author has to express his indebtedness to a number of 
personal and professional friends who have rendered him kind and valued 
assistance in the execution of his task ; to the writers of papers and to the 
societies who have courteously allowed him to make extracts from the 
various minutes of proceedings alluded to in the text ; and to the editors of 
Engineering and Tlie Engineer for much useful information gleaned from the 
columns of their respective jour nab. 

As in the case of Dock Engineering^ every care has been taken in regard 
to the accuracy of data and statistics, but mistakes are always possible, and 
any intimation of their presence will be gratefully appreciated. 



BRYSSON CUNNINGHAM. 



London, 

JaniMiy 1908. 
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HARBOUR ENGINEERING. 



INTRODUCTOBY. 

BarboDr EngiDMnng iiiid NangatiDn — Natural and ArtiHciiil Harbours — Ancient S«a 
RuQtes— PhienirUn, Egy]>liiiu, Grecian, Cartlmgiuian, and Ronmii U&rboura — Medi«v*I 
NsviRation — Tlio Cinque I'nrtH— Tho Hansf^atic League— National Interest in Harboura 
—Stole 8ubv«»li"n. 

Harbour Engineering and Navig-ation.— The hiatory of harbour 

engiDeering runs concurrently, througli correBpoiiding stiges from origin to 
development, with the history of navigation. Nor is the fact at all aurpriaiiig. 
From the very oature of tho case little otse couid be expected, since the two 
s stand to one another in the closest inter-relationship of cause and 
With the appearance on the seas of the first craft calling for the 
nercise of expert Beamatiehip, there arose a need of havens in which it might 
ot only find shelter during stress of weiithor, but also take in and discharge 
B cargoes under suitable conditions. And as vosseta gradually increased in 
number, siee, and iinpartance, so the need for more spacious accommodation 
c the more pressing, and the demand for larger and better harbours the 
more imperative. 

Natural Harbours. — Of natural crocks and basins, possessing intrinsi- 
cally all the advantag&s which a haven of safe anchorage requires, there are 
in the world not a few, and, no doubt, at the outset ibey abundantly suHiced 
br the rudimentary necessities of the early mariner. But tho accommodation 
ifibrded was in many cases limited, and, as time elapsed, it became leas and 
esa compatible with the exigencies of rapidly expanding navies, whether 
kngaged in commerce or war. Neither did the situation of those inletti 
llwayB prove convenient, more especially to trading vessels. Some of the 
ppost commodious of them are to be found far out of the track of well-eatab- 
ished lines of communication, and away from the principal routes of over-sea 
trade. And of those which are conveniently accessible, few, if any, have 
nalised the ideal of a completely sheltered haven. There has been almost 
ivariably some inherent defect to be remedied, some deficiency to be made 
m the best of natural barboura have called for 
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improvement and development, while, in the absence of natural advantages, 
steps have had to be taken to provide by artificial means the requisite degree 
of shelter and protection. 

Artificial Harbours. — In every country, therefore, finding itself in the 
possession of a seaboard, and with any pretensions to maritime enterprise, 
there has been formed by degrees a series of artificial or semi-artificial 
enclosures, constructed at first somewhat crudely and informally, but later 
with full application of scientific method and technical skill. 

There exists, indeed, no record on parchment, bronze, or stone to attest the 
date of the inception of the first artificial harbour. In the absence of any 
controverting evidence, the honour of creating the prototypes of modem 
maritime engineering tmdertakings of this kind is usually assigned to the 
public-spirited policy of nionarchs.of early Egyptian ana Phoenician dynasties. 
Yet this ascription of priority is, after all, one more of inference and assump- 
tion than of definite knowledge, and there is reason to suspect that artificial 
harbours, in an embryonic form at any rate, are of much more ancient 
origin, dating back through the earlier civilisations of the remoter East 
to a period of time of which all historical traces have been lost, and con- 
cerning which it would, for that reason, be useless to inquire and idle to 
speculate. 

Ancient Sea Routes. — We have no alternative but to confine our 
animadversions within the limits of fruitful historical research. It is 
known for a fact that both Egypt and Phoenicia possessed commercial navies, 
and that they carried on an elaborate system of trading operations. Their 
maritime traffic was not only characterised by regularity and importance, 
but it was also of a mutual nature, and the two countries were linked together 
by ties of common interest and advantage. 

The sea trade of Western Asia and the contiguous portion of Africa was 
conducted in ancient times principally along two routes. The first of these 
led from the Phoenician ports, via Cyprus to Sicily and Malta, with an ex- 
tension along the northern coast of Africa, finally reaching Tartessus in SpaiOf 
the site of which was probably near where Gibraltar now stands. The second 
sea route was from Eziou Geber at the head of the GuU of Akabah, along the 
Red Sea, skirting the Southern coast of Arabia to Ophir at the mouth of the 
Indus^ the " land of gold and precious stones." 

Besides these two main routes, however, there were a number of sub- 
sidiary tracks intersecting one another in various directions. It has already 
been mentioned that close commercial relations existed between Tyre and 
Sidon and the deltaic ports of the Nile. Apart from these, there was 
considerable trafiic which passed into the mouth of the Euphrates, both from 
the coasts of India and of Africa. Nor were the more adventurous spirits of 
the age restricted to beaten tracks. Right up to the Cassiterides (Scilly 
Isles) in the far West sailed the Cabots and Frobishers of that age, as also 
they may have circumnavigated India and penetrated to Burmah and the 
confines of Siam in the East. 
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Phoenician Harbours. — Artificial works were indubitably in existence 
ftt both Tyre and Sidoii. The former town stood on a peninsula flanked on 
each side by a harbour formed of molea of loose or random rubble, Stdon 
possessed airaiJar works of perhaps a little leas extenaivo character. On the 
testimony of ancient bistorians. Tyre was a ma^nilicent city uud a llourisliing 
port, witli properly constructed quays, equipped with substantial warehouses, 
dating back between two and three thousand years prior to the commence- 
ment of the Christian era. The town underwent several vicissitudes in the 
course of its history, even to the extent of being destroyed hy the princes of 
Aasyria, and afterwards rebuilt. It fell finally at the hands of Alexander 
the Great, B.C. 332, and although the town of Sur still marks the site at the 
present day, scarcely a vestige of the glory of the ancient city remains, and 
the world-renowned harbours have sunk through successive stages of disrepair 
and decay to ruin. 

The HaPbOUP of Alexandria.— Remarkable as were the harbour works 
of Phtunicia, they were far outshone by the more elaboriite undertakings at 
Aluiaudria, originated by the Coiiijueror of Tyre and brought to a successful 
conclusion under the flrst two Ftotemies aliout 200 B.C. In this case there 
waa the customary mole inclosing a floating basin, and in addition thereto, 
the celebrated tower, or lighthouse, Pharos,' built on the island of that name. 
It passed for one of the seven wonders of the world, beinn constructed of 
white marble and visible at a distance of a hundred miles The coat of it has 
been vuiously estimated at £165,000, and at double that amount. Fires 
were kept constantly alight on the summit as an aid to the navigation of 
the bay. 

Grecian Harbours. — The (Jreeks and cognate races were notable 
harbour engineers, and their handiwork waa made manifest at Rhodes, Salamis, 
Corinth, Syracuse, and many other places. I'erliaps the most noteworthy 
instance was Piraeus, the harbour of Athens, situated at the mouth of the 
CepliisUB, about three miles distant from the capital city. It was a moat 
capacious harbour, inclosing three large basins called Cantharos, Aphrodisium, 
and Zea, and sulEciently commodious for the rece|>tiou of a fleet of 400 ships. 

Harbour at Carthage.— The Carthaginians, as might be expected from 
their blood relationship to the parent stock of the l'h<i!nicians, also developed 
a talent for harbour construction, and they made Carthage a model port. It 
comprised two compartments inclosed by breakwaters and connected by a 
ohaunel TU feel in width. Around the inner basin, which afforded apace for 
over 200 ships of v 
blockaded the place 



Around the 

vere located the arsenals and stores. When Scipin 
,c. 146, euttini; off communication with the sea by 



of a dam across the entrance to tlie outer harbour, it is recorded that 
I the Carlhaginiana, with characteristic energy, excavated for themselves a new 
I outlet. Their exertions and strenuous defence were, however, without avail, 
1 the downfall of the city took place shortly afterwards. 
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Roman Harbours. — At the close of the second Punic War and con- 
siderably prior to the event just narrated, the world sea- power had passed 
into the hands of the Romans, and with it the genius and capacity for 
harbour construction. Ostia, Ancona, Antium and Civita Vecchia, amongst 
hundreds of other instances, may be cited as evidences of this fact. Further- 
more, the works carried out by the Latin race were of a solid and enduring 
character, which in many cases have defied alike the ravages of time, storm, 
and devastation. Civita Vecchia still possesses a serviceable harbour capable 
of receiving vessels of 20 feet draught. The works at Ostia also exist, 
although the town, formerly at the mouth of the Tiber, is now twenty miles 
or so inland. 

HediSBVal Navigration. —Passing to mediseval times, we find a vast 
expansion in maritime trade and a corresponding increase in the number and 
size of harbours. The whole of Europe was now engaged in avocations 
connected with the sea and embarking on nautical enterprises as adventurous 
as they were remunerative. 

This is not the place, however, in which to attempt anything of the nature 
of a historical and analytical disquisition on the growth and expansion of 
seaborne commerce, nor even is there space to describe the provision nuule 
for its reception and accommodation at the various ports with which it was 
associated. We do not propose, therefore, to dwell further upon this part 
of the subject beyond making a brief allusion to two features of outstanding 
interest and importance, showing how closely the commercial and political 
welfare of a maritime country is bound up in the maintenance and develop- 
ment of its seaports and harbours. 

The Cinque Ports. — The first of these features is the formation of a 
confederation, of which only a name and an office, and that a pure sinecure, 
remain at the present day. The Cinque Ports were, and for that matter are, 
as the name implies, a group of five ports in this country fronting the English 
Channel. The towns were originally Hastings, Homney, Uythe, Dover, and 
Sandwich, and subsequently there were added — Winchelsea, Rye, and Seaford. 
They represented the naval activity of this country, and they were responsible 
for the protection of the Kentish coast against the incursions of foreign foes. 
To this end they held certain levies of shipping constantly at the disposal of 
the crown, and, in return, they had conferred upon them several special 
distinctions and privileges. 

At this distance of time, it is difficult (with, perhaps, one notable exception) 
to think of these insignificant villages as forming the forefront and backbone 
of England's naval power. Yet from the modest moorings and lowly quays 
of these Kentish harbours slipped away many a valiant little cog to confront 
the caravels of France and the galleons of Spain. But more than this, they 
wvre, in sooth, the very seed and nucleus of England's foreign trade; 
iafenor, certainly, to London in importance, but, during their palmier 

!• Tying with Bristol and Plymouth in the west in the honour and 
'^f seaward en^** 'ie»»^ id forming the principal links in the chain 



coniiectiDg England with the Continent and with itll tbe com me ruin] products 
of the civilised worM knowu at that epoch, 

The HanseatiC League. — The other noteworthy feature waa the 
Hauaeatic League. This was an association of German cities inaugurated 
about the twelfth century, or perhapa earlier (for the real origin of the asBoeia- 
tion ia involved in some obscurity), for tlie protection and advancement of 
eeaborne commerce geuerally, and more particularly to foster their own 
interesta therein. The combination grew in importance and became ultimately 
exceedingly influential, embracing a number of ports in the Netherlands, 
France, Spain, and Italy, and also London in this country. For a considerable 
time tbe League enjoyed such power as to render it well-nigh independent 
of national jurisdiction, but gradually, by absorption aud suppression, its 
privileges were curtailed, until they practically disappeArod towards the close 
of the seventeenth century. What now remains ot the eonfedenicy is strictly 
limited to the three German ports of Hambnrg, Bremen, and Lubeck. But 
during the period of its gi'eatest glory and power, it exercised a far-reaching 
inltuence in the encouragement and develojiment of trade both by land and 
sea, and especially iu regard to the administration of port dues and charges. 

These two historical episodes illustrate iu a very marked degree tbe close 
inter-relationship ot national policy and commercial enterprise, and they 
demonstrate bow essential to the prosperity of maritime nations is the 
maintenance and protection of their seaports. There are few countries in the 
world which are so tmfortunate as to possess no seaboard. What few there 
are, are inalgniticant in size and in pohttcal importance. It is the definite 
wm and object of most countries, where possible, to increase the extent of 
their sea frontage. More than one inodeni war has been really, if not 
Detensibly, due to the endeavour of a nationality handicapped by a restricted 
■ littoral to attain improved communication with the open sea, or, in some 
i, even to gain simply direct access to it. The sea is the great highway 
of the world, a spacious and practically limitless expanse whereon transport 
. process at once simple, economical, and direct. 

National Interest in Harbours.— Such boin^ the case, the inquiry 
oan scarcely fail to ariose : How far ia the state responsible for the upkeep and 
development of its ports) Ought harbours to be under the control and 
.telage of the nation, and, if so, what kind of patronage and protection, and 
how much uf it, should the latter accord! Stated in concrete terms, should 
liarlKiurs be kept in a state of efficiency, not merely by means of local 
^vsources, but by direct governmental assistance, involving tbe contributions 
of inland towns 1 The question is a complex oue, and admits of more tbau 
one answer. 

□ BO far as a state is a naval power, it has absolute need for shelter and 

Doaling places for its vessels of wiir. It is, therefore, without any question, 

entirely concerned in the provision aud management of such depots as are 

iiecessary for the purpose. Moreover, iu states possessing a littoral frontier 

rpl by fierce gales, it is also a matter of "tki I'J-^.^xpediency to produce ftt 
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certain points works of a protective nature, which will enable imperilled 
shipping to survive the disastrous effects of sudden tempests. 

So far the matter incontrovertibly affects the national welfare. Next, as 
regards interests which are open to the charge of being purely, or mainly, 
local. 

In regard to ports which have grown up entirely on a commercial basis 
associated with markets and industries in the inunediate vicinity, the same 
requisition for state interference is not so apparent, and while conditions are 
favourable and trade prosperous, there is little desire or need to raise the 
point for discussion. So long as local rates and charges are sufficient to meet 
all demands entailed in the upkeep of such commercial ports, it is difficult to 
see why they should not be allowed and encouraged to retain their own 
independence and work out their own programmes of development. It 
occasionally happens, however, that a commercial port falls behind the times ; 
it may be from various causes — possibly from indifferent administration, 
mismanagement, culpable malversation, and so on, but generally and 
ultimately from lack of funds to carry out improvements which have 
become necessary by reason of the continually rising standards of ship- 
building. In such cases more than temporary stagnation is threatened. 
.Maritime engineering works, having once become obsolete, cease to be 
utilisable at all in any practical sense, and there is no prospect before them 
of anything but a speedy decline of their trade. Now the state oan hardly 
regard with equanimity the extinction of any one of its centres of commercial 
activity. Therefore it becomes a question — and the plea has been urged in 
at least one prominent instance of late — whether the state is not bound to 
step in with the necessary financial assistance or guarantorship, on the 
ground that by so doing she is favouring the interests of the community at 
large. In a general sense the contention is legitimate, but the application 
of such a principle must necessarily be governed very largely by the special 
conditions of each particular case, since there may be circumstances under 
which a grant would be injudicious as well as unjustifiable.^ 

Lastly, in regard to the great majority of harbours — small, almost 
insignificant havens, many of them — fringing the coasts of every civilised 
country, where a hardy race of fishermen wring a strenuous and ofttimes 
scanty harvest from the sea. The districts in many cases are poor, and the 
calling could hardly be classified as lucrative. Yet there are many thousands 
of people in this country alone dependent on it for sustenance, either directly 
or indirectly. Where local resources are so utterly inadequate to cope with 

' " It may be urged that the expenditure involved in keeping ahead of the developments 
of shipping is greater than port authorities should be called upon to incur from their own 
reaooroes, and there is doubtless, in some cases, something to be said in favour of that view, 
although I hold that such expenditure is reproductive in a variety of ways beyond the mere 
inoome aiicinjg^ from the exaction of dues. In my opinion, however, when port authorities, 
who have striven to proride and have provided certain facilities, are unable to incur the 

laiy expenditure for further development, it is desirable that the state should come to 

MsisfeRiioe and thereby aid these authorities in developing ports on national rather 
'm local linesb" — ^The Rt. Hon. Lord Pirrie on Harbour and Dock Requirements, 
viiig Omferenoe, 1907. 
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the ditfioulties of the Hitu&tion, it is obviously impoBsible to look to them 
Tor the re<iuisite outlay, uiu) Iht principle of state subTention is now, indeed, 
fully reoogoised by the Board of Trade in all instaDces where little local 
CO mui unities are deeiruus of extending their aocommodatiou witbin approved 
limits. 

In making these grants^ it bus been stated that "it is regarded aa 
essential that uf the total ooat required for constriictiou, at least two-thirds 
should be provided from local or outside sources, and that the coutril>utioD 
from the exchequer should in uu case exceed the remaiuing third." The 
action uf the Comiuittee has been limited " to the case of harbours serving, 
or likely to develop, a large fishing district either as points of departure and 
laiidiu^ for the Qeot, or as providing refuge ou parts of the coast, where the 
nearest existing harbour is so distant as to destroy the value of fishing 
grounds which produce a good harvest of fish." 

Taking the British Isles as a whole, there are something like 130 to 
140 of these 6shing centres distributed amon^; Ireland, England (including 
Wales) and Scotland respectively, very closely in the proportion of I, 2, 3. 
These harbours provide sheltered areas of water ranging from 2 or 3 
aorea upwards, though a very large proportion of them are under 10 acres. 
They are, therefore, iudiviiiually small, but as already staled, since in) 
tnoouaiderable proportion of the population derive their livelihood from 
ooiinection with them, their importance is not to be gauged by size alone. 

The commercial ports of this country are less numerous. They number 
about a score, and the accommodation they provide is lai^Iy in the form of 
docks and inclosed basins of considerable area, both individually and 
collectively. 

NaUonal harbours of refuge and for naval purposes are still fewer in 
number. The areas inclosed, however, are correapoudingly larger and 
attjiin to aa much as 500 and 600 acres a-piece, and even more. 

Here our subject leads us on from general observations to an orgauiscd 
investigation of the principles of harbour design, which we can deal with to 
better effect in another chapter. 
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CHAPTER II. 
HARBOUR DESIGN. 

Difficulties of the Subject — Claaaification— Definitions— Roadstead— Harbour— Basin— Dock 
Harbours of Refuge — Commercial Harbours — Fishery Harbours — Localisation — Coastal 
and Inland Ports — Procedure in Design of Harbours — Preliminary Considerations — 
Natural Phenomena — Prevalence and Intensity of Storms- Coastal Change — Accretion 
and Denudation— Effect of Artificial Interference— Influence of Effluents — Island 
Harbours— Harbour Areas and Entrance Widths— Illustrations of Harbours at 
Zeebrugge, Queenstown, Sandy Bay, Sunderland, Peterhead, Libau, Madras, Whitby, 
and elsewhere. 

Difficulties of Systematic Treatment.— That maritime engineering is a 
science of much complexity and no little incertitude, is but a trite remark to 
make. It will be admitted, without any controversy, that its operations are 
of necessity founded largely upon assumption and carried out by tentative 
rather than confident measures. Hypothesis, analogy, and experiment con- 
stitute its working basis, alike in regard to theory as to practice, to design 
as to execution. The whole field of it is beset by many and peculiar 
difficulties, and scarcely any other department of constructive work finds so 
many hazards and obstacles in the way of satisfactory accomplishment. The 
task of the engineer who sets himself to conteud with the almost bewildering 
array of antagonistic forces incidental to maritime operations, is exacting in 
the extreme. The data upon which his calculations must perforce be based 
are often defective and their origin obscure. He has to deal with agencies 
not only conflicting but frequently also cooperative, and as destructive as 
they are capricious. His work is subjected to the most trying of all ordeals, 
in that it is constantly exposed to the risk of unascertainable possibilities. 
Occasions arise when the profound est sagacity and the ripest experience may 
well prove to be at fault. Laws which hold good in one locality seemingly 
reverse themselves in another. The success of certain dispositions in one case 
is no guarantee of their etlicacy elsewhere, still less justification for their 
general application. Each place has its own definite characteristics, its 
peculiar defects, and its special advantages, difierentiating it from all other 
places. There is no uniformity, and very little similarity. Generalisation, 
therefore, is impoHsible, and classification becomes difficult. 

Yet, in spite of those deterrent considerations, it is manifest that some 
system of treatniont must be adopted, unless the principles of harbour 
engineering are to rest on a haphazard, heterogeneous basis, contrary to the 
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S[nnt o( ttll ftcieatifio prooeduro. Our endeavour, therefore, in the following 
pages will be to collule suoh data as uro deiiuitelj acceptable, to elucidate 
possible thone problems which present themaelveB witliin the range 
of ordinary eiperience, aud to lay down certain ruloa which may serve for 
general guidance to those engaged in adapting some of the moat variable 
forces in nature to the uae and service of man. 

A clear conception of our purview is OBSf 
one or two defiuitions. 

Ciassiflcation. -A harbour is primarily a plat 

pl;ice where safety mid huHpitality are to be found. 
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have grown several accretions of meaning, the gradationB of which it is 
demrable to point out. 

Limiting our references, as is natural and proper, to the domain of 
nnvigation, we may observe that a vessel seeking shelter under stress of wind 
and weather n\aj possibly obtain it as follows : — 

(1) Within a tract of water, not necessarily inclosed in any way, even 
partially, but adjacent to or not far distant from the coast-line, where there 
is good holding-ground for auchors and some protection from the onset of 
heavy seas. Such conditions constitute a Roadstead, lioadateads may be 
either natural or artilicial. In the cnse of a natural roadstead, a deep 
ehaunel, with an intervening bank, or shoal to seaward, possesses the necessary 
characteristics, as eiemplitied in the ofSug of the Port of Ostend (fig. I). 
An artificial roadstead may be created on similar lines V)y a breakwater, eiilier 
parallel to the coast, or curvilinear, such as that at Zuebrugge (fig. 2). 

(2) Within a deiiuitely circumscribed area, almost completely inclosed, 
either naturally, as in the oa« of a creek or eetuary, or arUfioially, by 
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Fio. 8.— Queenstown Harbour. 



piers at the ontranoe to the river Wear (fig. 4) are typical of the latter, as 
also are the breakwaters at Portland (fig. 5) and Peterhead (fig. 6). Most 
harbours of importance fall under this category. 
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(3) Within a oonfiaed Basin of compamtivelj small eiteut, having a 
DAiTow aperture only for the i 



grme and egrees of vessels. There 
is little to distinguish this from 
what IB termed a Dock, though 
the latter ezpreasiOD is commonly 
restricted to basins provided with 
entianoe gates. An illuetration of 
this olass of harbour is to be found 
at Peterhead in the South Harbour 
(fig. 6), while a dock at Sunderland 
(North Dock) is shown in fig. 4. 
flsheiy harbours generally belong 
to this class, and it is no un- 
common feature to find a smaller 
inner harbour, or basin, coustrncted 
in conjunction with a lat^c outer 
harbour, or a roadstead. These basins are provided 
reception of cai^oes. 




Fio. i.— Sauderhnd Harbour. 
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For the purpose at present in view, it will be found advantageous to adopt 
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a slightly different classificatioD based on the object to be attained. From 
this standpoint there are three important divisions, as follows : — 

(1) Harbours of Refuge. 

(2) Commercial Harbours. 

(3) Fishery Harbours. 

Though fundamentally in unison, and oftentimes found in combination, 
the designs of these three classes are sufficiently distmct to justify us in 
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Fio. 6. — Peterhead Harbour of Refuge. 



treating them separately, describing their particular functions and enumerating 
their special requirements. 

Harbours of Refuge. — The principal duty of a Harbour of Refuge is, as 
the name implies, to provide a refuge for vessels overtaken by sudden stress 
of weather, or otherwise hard pressed or disabled. The proper locale for the 
construction of such harbours is obviously at conveniently accessible stations 
upon coasts which are inhospitable and dangerous. Yet, manifest as is the 
desideratum, the means of its accomplishment is not so obvious, and the 
subject has given rise to some conflict of opinion. Is the proper position for 
a iiarbour of refuge upon an outstanding frontage or within a bay 1 Ought 
it to be projected into the open, or recessed within the coast-line f In the 
former case, the goal is more easily reached and less delay is incurred in 
putting out again to sea ; on the other hand, there is greater exposure, and 
this endangers the ingress of vessels, rendering them more liable to miss the 
entrance, in which case they will probably be driven on to the shore. Yet 
^* 'f ultimate catastrophe must necessarily be greater in the case of a 
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▼easel missing the entrance of an embayed harbour. So it is scarcely safe to 
dogmatise upon the point. There may be advanced positions to which a 
lofty headland imparts all the advantages of a sheltered recess, and there 
are likewise cases in which deep coastal indentations afford very meagre 
protection from tempestuous seas. Where it can be assured without serious 
risk, the nearer the haven to the distressed ship, the better her chances 
of reaching it. Many seamen, however, prefer, where practicable, to ride at 
anchor in the open rather than make for the uncertainties of the shore. 
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Fio. 7. — Harbour of Kefuge, Sandy Bay, Mass., U.S.A. 

The requirements of a harbour of refuge may be summed up as three : — 

(a) Ready accessibility. 

(b) Safe and commodious anchorage. 

(c) Facilities for obtaining supplies and for executing minor repairs. 
Upon the first point we have already dwelt a little. But accessibility 

depends not only upon the site of the harbour ; it depends also upon its dis- 
position. The entrance must be conveniently placed and designed, so as to 
allow of its being easily taken by ships driving before a storm. A narrow 
entrance is difficult to negotiate, but, on the other hand, a wide entrance 
exposes the interior to the effects of rolling seas. Local circumstances will 
largely influence the determination of the dimension to be accorded thereto ; 
at the same time, it may be said that from 600 to 800 feet approximately 
represents the expression of modern British practice. It is not unusual to 
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provide more than one entrance ; sometimes two in opposite directions, so as 
to afTord a ohoico of approaches to vessels under varying conditions of vind. 
An entrance may also be deflected in order to afford cover to the interior. 
Provided a vcnhcI is able to reach the shelter of an outer breakwater, it 
becomuH more amenable to control, and it may be navigated into an inner 
Insrth with nnich less risk and trouble. An entrance may, accordingly, be 
placed to receive ships direct from the most exposed quarter, while at the 
Manu) time the chaimel, or passage, may be diverted towards the interior, in 
Much a way as to miti^te the influx of rough seas. A roadstead forms a 
useful ventibulo to a harbour in this respect. 

For the eflioiency of its anchorage, a harbour depends upon the nature of 
the ground and the depth of water obtainable. Light, sandy bottoms do 
not, as a rule, afford a good hold ; but firm, tenacious material of any kind is 
iiumt suitable. The do{>ths should be sufficient to allow adequate flotation for 
shiiMi of the largest class, and the area ample enough for them to ride at 
anchor without inconvenience or danger of fouling one another. In the event 
of a change of wind, and inevitably as regards a tidal harbour, there must be 
siifllciont sjMtce allocated to each vessel to allow of its swinging round upon its 
anchor. For merchant vessels a radius of one cable's length (120 fathoms or 
720 llm^ar feet) will NufUoo ; but in the case of battleships, an allowance of one 
and a half tiinos to twice this dimension should be made. The draught of the 
iiioHt tn(Hiitrii vnNN(*lN in the mercantile marine now attains to nearly 40 feet, 
but by far the groiitiT number draw less than 30 feet of water, and from 
A to fathoms will proves ample for all present requirements of anchorage, 
cNiHtcially in regard to vessols which are likely to seek a harbour for refuge 
pur|HW(m only. A battleship of the highest class has a draught of about 
27 or 2H feet.* 

Hhi|m once within tlio slielter of a harbour should certainly find facilities 
for obtaining HU{)plitw of stores and coal, and for executing any repairs which 
may be necesHary to render them seaworthy, or to enable them at least to 
proceed to some nt^ghbouring jiort wiiere they may receive proper attention. 
The ezU^nt to which this acc(mimodation is possible, or desirable, will vary 
with the locality. It is not often that a ship, sufficiently large to require a 
graving dock for its overhaul, will be driven to seek refuge, but the contingency 
is {KNHiible, and in case of war is not unlikely. Smaller boats may be beached 
or laid ufion a gridiron or slipway. 

The circumstfinces attending an outbreak of hostilities are such as to 
render it eminently desirable for harbours of refuge to be equipped' with some 
moAUS of defence. Under modern conditions of torpedo attack, it has become 
necessary to completely close the entrances of naval stations at night by booms 

^ Iiisuffioiont depth is fatal to the utility of all harbours, but more i>artioular]y in the 
case of oommercial harbours, which have to meet the requirements of shipowners and ship- 
builders. The dimensions of vessels in the mercantile marine are expanding continuoasly, 
and tlie greatest difficulty is being exi)erienced in obtaining a proi>er augmentation of depth, 
owing to the shallowness of the entrances to many harbours and of main waterways, sneh 
as the Sues Canal. 
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lod other obstructiouB. Tbeae precautions, however, appertain 
f military engineering. 

Commercial Harbours. — PuBsing on to special aBpectB of Commercial 
r Harbours, we may describe tbem ae a class forming moat important appanages 
r to ports. They are, in fact, the great termini of the highways of the sea. 
Their province is the accommodation of the mercantile marine during the 
operations of loading and dist-barging cargoes, and for the tranBactiou of tradt. 
Thus, iti addition to the obviously fundamental needs of accessibility and 
•ceommodation already discussed, we meet with the more special re<iuiremon(:a 
of Quays and Sheds, and also of Inner Basins and Repairing Docks. 




Commercial harbours are to be found in a variety of situations : upon the 

wt, at the mouthB of rivers, inside sheltered estuaries, and even a 

' eonaiderabie distance inland along the banks of rivers and canals. They 

require more shelter than that which snUiceB for simple purposes of refuge. It is 

indispensable to the conditions of modern trade that there should be the least 

.{wasible delay in tbe reception and despatch of vessels ; hence everything must 

t done to ensure continuity of operations, and for this purpose protected 

e a Arst consideration. 

Coastal Harbours present most difficulty in regard to this point. The 

i protection afforded by a breakwater is not suflictent to impart that 

inquitlity which is essential to the loading and unloading of ships. There 

i, of course, oases like that of Zeebrugge (fig, 2) where a single mole built 
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out into the sea is made to suffice, being provided with a level quay and 
covered sheds for the reception of merchandise ; but such cases are rare, and, 
generally speaking, it will be found necessary to provide an enclosure, 
practically complete, with an inner harbour, or docks, for commercial 
purposes. Indeed, in the case of a coast exposed to heavy seas, the adjunct 
becomes imperative. 

Estuarine Harbours find the requisite shelter already provided, in many 
cases, by rising ground flanking their entrances, and, indeed, many harbours 
situated in creeks and inlets are also admirably protected by adjacent hills so 
as to require no further defence. In addition to Cork and Queenstown, the 
harbours of Sydney, San Francisco, and Rio de Janeiro may be cited as cases 
in point. Instances of estuarine harbours are afforded by Liverpool, at the 
mouth of the Mersey ; Dublin, at the mouth of the Liffey ; Havre, at the 
mouth of the Seine, and numerous other ports. The case of Liverpool is an 
admirable example, the form of the river at its mouth being excellently 
adapted for harbourage. The Mersey is broad and deep, expanding inwards 
from a narrow-necked entrance, while rising ground on both sides contributes 
the necessary shelter. 

But while estuarine harbours possess many advantages, they have corre- 
sponding defects. The majority of rivers are afficted with bars, that is to 
say ridges of material lying across their entrances in such a manner as 
to reduce the available depth of water, and so impede navigation. The 
point is only mentioned here in passing : it is of such grave importance 
as to call for detailed treatment, and this must be reserved for a later 
chapter. 

River Ports, such as Bremen on the Weser, Hamburg on the Elbe, 
Glasgow on the Clyde, etc., and Canal Ports, such as Manchester, Bruges, 
etc., are comparatively free from many of the evils which affect harbours on 
the littoral, but they are attended by certain inconveniences of another 
kind. The navigation of inland waterways is a slow and tedious process for 
sea-going ships, and it involves considerable delay, which, in these days of 
rapid transit, counts for a great deal. Ports like Antwerp, Hamburg, and 
Rotterdam are very unfavourably situated for competing as regards expedi- 
tion and despatch with ports on the seacoast. True, there are advantages 
attaching to water carriage throughout, which outweigh the alternative of 
unshipment and transport by rail from the nearest seaport; but this fact 
does not invalidate the c>ontention that the nearer the port to the great ocean 
highways, the speedier and better the distribution of freight. Moreover, 
river harbours are subject to the adverse influences of strong currents, 
freshets, and floods; they have a continuous tendency to silt up, and they 
are even invaded at times by floating masses of weeds and mud. Under 
these particular circumstances, a river harbour should possess an entrance 
pointing downstream, making an acute angle with the bank, and the uidth 
of entrance should not be greater than is necessary for the manoeuvring of 
*' ** which frequent the port. 
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Flsbery Harbours,— Fishery Harbours, though a numerouB cIugb, are 
□ot, treneratly speaking, constructionally important, but they possess 
characteristics sulBciently notable to merit some attention. lu the first 
place, the scarcity uf capital available for artificial operations renders it 
necessary to take the utmost advantage of natural features. Then, since 
fishermen require a maziraum amount of time for their expeditions, with a 
miniaium of delay in despatching their hauls, on account of the perishable 
nature of fish, eveiy facility should be allbrded them for making the harbour 
at the last possible momeut consistent with the state of the tide. This iuter- 
mittent Bcceasibility, however, cliaracteristic as it is of all tidal harbours in 



which vessels take the ground at low water, or where there is a. shallow bar, 
is inimical to the interests of sea fishermen. Their refjuirements demand a 
harbour constantly open for arrival and departure alike. A shoal of fish 
may be missed as easily from sheer inability to proceed to sea ns from the 
deterrent effect of impending foul weather.' 

The entrance of a fishery hnrbour, while not unduly wide, must not be 
made too narrow. It is liable to be thronged at times by craft anxious to 
enter in order to escape a rising gale, or to catch the early market. Cases 

' Depths below low-water level of ordinary a])rtng tidv-i at nome of the more important 
Bshory harbours in thia country aro: — Hartle|Kiol, 15' ; Abonleeii, H' ; Dundee, Yarmouth, 
■nd Niiwlyn, 12' ; Lowestoft, 10'. Tlie majority of (i-liery liarlwurs, however, have depths 
much less than these, and, in nmny cases, they hKconie practically or actually dry at low 

2 
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have occurred in which boats have become jammed in an entrance through 
excessive crowding, with, unfortunately, disastrous consequences. Fishing 
smacks of the present day have a beam of 20 feet or so, and allowance should 
be made for, at least, three or four, or even more, entering abreast, according 
to the size of the fleet. 

The length of ordinary fishing-boats ranges from 50 to 60 feet, and their 
loaded draught lies generally between 6 feet and 10 feet; but steam trawlers 
draw as much as 14 or 15 feet, and their length is rarely less than 110 or 
120 feet. 

In a fishery harbour, broad open quays with a large covered hall, or 
market, are required for sorting the fish and conducting sales. 

It has to be borne in mind that under modem conditions of trade, a 
fishing fleet of steam trawlers must needs be furnished with supplies of coal 
and ice, and for this purpose railway sidings at the quayside become a 
necessity. For large vessels of this class, the fishery harbour becomes of a 
more important character, trenching, in many respects, on the commercial 
harbour. 

Selection of Locality. — Reviewing the subject as a whole, and postu- 
lating the choice of a situation for a harbour, the conditions which would 
govern that choice divide themselves into three heads. 

First and foremost, there is the obvious advantage to be derived from 
a position adjacent to some existing means of internal communication, 
Buch as river, canal, or railway. In the absence of all these, it is still 
possible to consider the feasibility of the formation of two of them, and 
any obstacles likely to prove antagonistic should be carefully weighed and 
avoided. 

Then the extent of adverse meteorological and climatic influences claims 
attention. Fog and frost are dual evils which infest very many harbours to 
the infinite detriment of their usefulness. The former jeopardises shipping, 
and both impede navigation. To be ice-locked for several months in a year, 
like Montreal or St Petersburg, is a serious outlook for any progressive port. 
The ice-breaker, however, has done much to relax the rigorous grasp of winter, 
and very few ports need now resign themselves to the entire cessation of 
their sea-trading operations. For the fog-fiend, there is unfortunately no 
practicable remedy as yet. Certain experiments conducted in scientific 
quarters seem to suggest a possible amelioration, but on too small a scale for 
general application. As regards protection from storms, the value of head- 
lands and promontories has already been pointed out. Cover should, of 
course, be sought from the most tempestuous quarter. 

Lastly, the facilities afforded for providing such artificial protection as is 
requisite should be taken into account. This constitutes the economical 
aspect of the question, and some of the numerous matters deserving attention 
are the length of breakwaters and jetties required, the nature of their con- 
struction, the source of suitable material^ and. the expense of carriage, the 
means of procuring labour and i)lant resources of the district 



generally. In regtvrd to all these, certain locatitiea nil! be more favourably 
Bittiated tliau others. 

But, except in rare instances, tlie engineer ciin liardly expect to liave the 
opportunity of allouiting a harbour and of designing it in toto. Trade routes 
are aufflciently firmly eBtablisheiJ to preclude the diversion of much trafBc 
to other lines. An occasional harbour ot refuge, with a fishery station 
or Eo, marks the limits of entirely new construction at the present day. 
Tet, at the same lime, there is great and inereasing Rcope for the deveiop- 
ment of maritime works already in existeuce, and the enlargement and 
improvement of harbours forma one of the most important fields of eivil 
engineering. 

Procedure in Deslgrn. — Such being the case, the iinresti-icted choice 
of a site will rarely lie within the province of the engiueer. The locality, at 
luiyrate, will already liavo been determined and the preliminary dispositions 
estabJisbed, before his services are requisitioned. It falls to his lot, therefore, 
to utilise existing conditions and to devise a viodua Vivendi out of oiroum- 
Blances bi'yond his control. 

Assuming, momentarily, for the purpose of disoii^ing the question in all 
its bearings, that the site is a vir<i;in one, there are certain preliminaries to 
bo carried out before any scheme can bo laid down. We will deal with them 
in their natural order of procedure. Thus, the first point woidd be to 



) prepare a chart indicating 
inly should a einnplete set of 



make a survey of the neighbourhood, 

the depths ot water in the vicinity. S 

soundings be taken, but borings 

ahould also be made to asccr- 

taiu the nature of the ground, 

it8 fitnesB for auchorage, and the 

extent to which it lends itself to 

■D economical increase of depth, 

ahould this be or become neces 

sary The depths obi lously must 

be BuMLient to meet the require ' 

ments of the deepest draughted 

Tessels whii,h are likely to fri, 

quent the place ' and it sliould 

not be overlooked tliat some 

Allowance la nuLesuarj for the 

pitch or surge of a vessel in 

rough water whereby itsj keel 

descends beiow the mirmal level Fiq 10 —Wind 

Natural Phenomena.- SqiVJ"",,'.. 

After the preparation of the sur- 
vey and the plotting of the contour lines (or Hues of uniform level, as shown 
Hjf. 2), the engineer will search local records for data, and also make 
Sea footnote, ^. 14. 
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otMerratioaa himself, in referonoe to Tmrious natonl uid meteorological 
phMKimena, and the following will Bpeciallj claim hie attenlioD : — 

1 . The direction and inUiuilf 
of the winds and the frequenoj 
of stonoB. 

2. The height and force of 
the waves. 

3. The ninge of the tides. 

4. The direction and velocity 
of the currents. 

5. ETidencea of silting, littond 
drift, or coast erosion. 

6. The extent of exposure and 
the maximum " fetch." 

With reference to the Brat of 
these features, it maj be pointed 
out that nearly every place is 
subject to what is called a Fre- 
Fio, 11 —Wind Dugnm PiequvDo^ otdinitw vailing Wind, that is, a wind 

•et off tnan csiitn lotoimty oTtliiiatcs from . , - -.i . .. r 

rulUI lino*. blowmg with great constancy for 

a considerable portion of the year 
from a certain point of the compass. But while the prevailing wind is the 
most frequent, it must wot, by any means, be concluded that it is the 
wind which is most to be feared. 
A single gale arising from a 
totally different quarter may 
cause more havoo and destruotion 
than a whole twelve-month of the 
prevailing wind. The import* 
ance of the latter lies rather in 
the effect it has upon the coastal 
contour in its relationship with 
other agencies, the effects of 
which, though momentarily in- 
significant, are continuous and 
cumulative. Such agencies are 
the ebb and flow of the tide 
and the erosive and transportive 
power of currents. 

Ways of recording wind fre- Fio. 12.— Wind Diagram. Preqaency onliiuleB 
quenoyand intensity are numer- ** "^ f"^™ <*«"; intenuty oriin.t™ from 
» "^ ■* circimir«raDcc. 

OUB. Three examples are shown 

in figs. 10, 11, and 13, with explanatory notes. Time ordinates are not 
difficult to plot, possessing, as they do, a direct numerical value. It is a 

TSDt mirtt«r with the intensity ordinates, which have to be to a certain 




extent conjectured. The velocity of a wind may be gauged more or less 

accurately by kd ane mo meter, if one is available ; in other cfisea it ia 
itimated. But the velocity ia fitful, and, as a mciiaure of pressure, by 
3 meana au ideal atatidard. The range of intensity is uauslly divided 

into twelve sections, foritiing a scale, known as Bcaufort'a scale, which is 

given below. 

Bkaufort Scalk Kon Wind, 



Liglit Breeze 
G*ntlo BreBZD 
Moderate Breeze 
Preah Breeze 
Strong Broeie 
Moderatr Gain 
Fresh Guie 
Stroiifi Gal« 
Wholo (!.lo 

HurrioDO 



Coastal Chang'e. — The influence of the wind in relation to the magnitude 
of waves will be more fully considered in another chapter. At [ireseiit, having 
regard to the general outlines of harbour design, we will simply notice its 
bearing upon the coastal contour in the vicinity of any artificial works. 

That the seacoaat ia undergoing a gradual change must be evident to the 
most superficial observer. In certain districts, notably the borders of York- 
! and East Anglia, there are manifest signs of sea encroachment. Every 
year witnesses the retrogression of some extent of shore froutage, and, in the 
course of a few centuriea, whole tracts, such as the Goodwin Sands and 
districts including villages and townships, have disappeared. On the other 
band, in other r|uarters there has been a gradual gain and accretion. South- 
port in Lancashire, formerly, as its name implies, situated nt the water's 
edge, now lies at a perceptible distance inland. At Dungeneas iu Kent, a 
I headland of shingle is accumulating at something tike the rate of 200,000 
tons per annum. loBtauoes of both kinds might be multiplied indelinitely, 

The essential point to consider is the probable effect of any artificial 
projection from the coast iu accentuating or mitigating the natural process 
of mutation. This is not altogether an easy matter to determine, owing to 
the predominating iulluencc of local circumstances, quite apart from the fact 
ttiat the causes of coastal denudation and accretion are but imperfectly under- 
Btood. The carriage of material from one point to another is assigned by 

school of engineers entirely to wave-action, and by another school, mainly 
h> current flow. It seems, on the whole, nut improbable that both agencies 
involved, in varying degree : the breaking of waves on a beach serves to 
stir up the sand and shingle, the former of whith the water, in its troubled 
state, retains in suspension long enough for it to l>e projected some distance 
ftloag the shore by the resolved component of wave force in that direotiou, 
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—Track of Shorn Drift. 



beiug aided Ihorein \>y the littoral ciiireiit. The heavier particles nre rolled 
along and partAke of a xig-zag movenieiit, as shown in fig. 14. It ia generally 
agreed that tlie acti»ti is practicallj confined to the region between high and 
low water mnrk& 

The trend of littoral drift is therefore attributable, in the first itiatance, 
to the wind which governs the pre- 
dominant direction of the WHves. 

To illustrate in some way, however ■ 

ira}>erfectly, the general effect of wind 

and flow upon a coast-line, with the 

modi li cations brought about by intrti- 

,-AruotureB, figs. 15-22 have been 

only lias been taken ; the action, as can well 

1 more complex. The supposition nmile is that 

loniinaiit current flowing parallel thereto (from 

ith the direotiou of the prevailing winU. Fig, 15 

■ve to indicate the tendency towards shoaling in 

variotiB parts, which Is bronghtabout 

|jy the construction of harbour 

works of typical kinds. 

The straight pier or breakwater 
;it right angles to the coast-line 
(lig. 15) induces an accretion of sand 
Pj,. ,5^ and shingle iilong each of its sides. 

The windward accuninlation is the 
more pronounced, the leeward deposit being reduced by eddying ronnd the 
outer end of the pier. The returned pier (fig. 16) serves to Increase the 
leeward deposit, there being a circular motiou of the water round the pier- 
head with a tendency to scour at thut point, while the slacker water inside 



imagined, is often mm 
of ft ooast-line with the 
right to left) coincident t 
and those which follow e^ 



Iea<ls to settlement of suspended material. 

found in the harbour of ^alina _^ 

Cruz on the Pacific Coast (fig. 18), ,.- 

where the initiation of a break- 
water of this type brought the 
low-wat*r line forwurd, tempo- 
rarily, at anyrate, to tiic '26 feet 
conluur of six years previously. 
Much the same effect is apparent 
with double pieta (fig. 17), the accri^tioii U-i 
additional extent of quiescent ureu. Kvl<li;i 
coming from Madras, where the Ii 
this nay. Appiirently the o 
due to solid structures is that uf s 



An example of this is to be 



U-u,g ompiiaMSoi by rf,L..,i, of Ihe 

I'itnce in support of tiiis is forth- 

irluur entrance is slowly but surely silting 

ily praeticaUe means of remedying the evil 

listiinting openwork for the portion of the 



jetty which immediately joins the hind, It has even Ixteu 
most logical metl m^^jfaa t of " Islaud Harbours," formed 
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or the nuige of accretion, And connected with the shore by means of open- 
work jetties, KB exemplified at Am&ger, Snogebcek and Hundeeted (page 41). 
Columnar stTuctiires offer little, if anj, perceptible olxtruction to current 
flow, and consequeatly should not give rise to a deposit of any appreciable 
extent Whatever shoaling takes place abreast of the outermost and solid 




portion of the pier, should be, and gencndly is, uomparatively iusigoificaut. 
The breakwater at Zeebrug^e hns been desi^'ned on these tines, as also the 
pier at Roaslare ou tlie Last coast of Ireland. Uiifortnuntely, for the general 
application of the prmLiple, a disposition of the same kind adopted at Ceaia 
liarbour, m Braid, has proved strikingly unsuccessful, and has entailed 
consequences disastrous to the port. The eutire harbour is blocked with 



.JWU 




sand (fig. 19), despite the fact that an ojtenwork viaduct lies between the 
breakwater and the shore. 

Land water entering the sea at any point is deflected by tidal currents, 

where they exist, to each side alteniatcty, with the result that with the 

coaat&l sediment there is a tendency to shoal at some short distance outwanis, 

^ a bar of various contours. With a strong wind and littoral current 

'edominant direction, there will most likely be produced, in addittoo 
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to a bar, a spit or horn (fig. 20), through which the river, in times of flood, 
may break, but which generally reforms. In either case the shoaling is 



Low 



^fSe^ 




Fig. 1 9. — Harbour of Geara. Effect of breakwater. 

detrimental, and various means have been tried to remove it. The most 

generally accepted methods are by means of projecting jetties, or training 

walls, and dredging. Unless the former 

are extended into very deep water, they 

are not likely of themselves to pruve 

completely efficacious. Accretion tikes 

place as shown in fig. 22, and matters 

readjust themselves a little further out 

much to the same effect as before. 

The history of Dunkirk, Calais, and 

other French ports, proves this, the jetties constructed at those places 

having to be prolonged from time to time, as shoaling has accrued. The 

works at the mouth of the Mississippi (where there is, of course, some 
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Fig. 21. — Entrance to Christchurch Harbour. Formation of spit. 

difierencc in the tidal conditions) ^ are of the same nature, being designed for 
the removal of a bar ; but the jetties are of considerable length, and, being 

^ The tidal range in the Gulf of Mexico is very small. 
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«xtoiHi«ii to * piMnt suffidcnilT Mavard to bring the fluvial depositB witLio 
millet* of |wcriul •ubnumne cumnita» there is leas fear of the deposit 
lMH>miiii^ IvrtivauontlT Kx'^ised to any eerious extent. At the same time, 
tho jot tic* iiuiy iHW^i oxt^iuiiiu; ultimately on account of the advancement of 
tho ct^eu&t'liuo. 

With «i Hedging oniploytxl as an auxiliary, the silting up of outlet channels 
iu:iy« of ivuno^ l^ hcki in check as long as and to whatever extent may be 
dciMiuxl ox|H\iiout. Wc r^wrt to this |4tft of the subject later on (Chapter IX.). 
In i>M)Mdoring the dia^rrams employed in illustration of the foregoing 
principles AUvi hy|^«thoM>j;. it is to be distinctly understood that the shoaling 
indicattxl d«>c« not nc\x«MnIy appear aK»ve water level, even at lowest water, 
nor indc«\i di^v iu in a number of cases, manifest itself to any pronounced 
extent. Certain tendencies only are outlined, which become more or less 
marke\l« ai.wniing to the absence or presence of counteracting influences. 
It is the pn>viiuH* of the engineer to secure or provide these counteracting 
inlhiences bv natural or artificial nieans« »> as to maintain a state of 

equilibrium in so far as it is possible 
to do so. Some of the means em- 
ployed for the purpose will be dis- 
cussed in a later chapter, but we 
cannot hope to deal exhaustively 
with a problem which admits of in- 
numeiable variations in accordance 
with local peculiarities. The sub- 
ject of littoral drift and its comple- 
mentary phenomenon, coast erosion, 
Ih 8o invt»lv«Hl, (lud itN miuitic-^tious Si> extensive, as to require special and 
individual trentnu'ut-, 

A« n fonnblo lUuHtnition of the c^nnplex nature of currents set up by 
artilioial works, a *erii^ of illu^tmtion* ^tigs. 23-2S) are given, showing the 
vajrarioj* in the tidrtl flow evlnbiiisl nt IVver Harbour since the formation of 
tho now ImvikwatorH. lWfoi\^tuuo, the si-i of the tide was almost parallel to 
tho shoro lino, runninjj fnnu N.K. to S.\Y. fivnn 4} hours after to 1} hours 
U^fort* high water, luul fnun S.\\\ to N\K. fix^ni 2 hours before to 4 hours 
after high water. At hi^h Neater of spring tides the rate of the east-going 
stream wan alH>ut 4 knot.s and at low water the west-going stream had a 
vcKvity of ^ knots. Ikuh dirxvtion and rate of flow are now completely 
altonxl in every roa[H>et.^ 

Tho curnMita at the entrance to Ivingston Harlvur are indicated in fig. 9. 

Harbour Areas and Entrance Widths-— We turn now to the 

subject of wave power, n^arding it simply as it affects the general question 

of the IsUnd breakwater w.*5tin inc,;mpleto ami iho site ..lu,U bv open ^aSu?SSS 
piling. No doubt further changes will manifest ihcniselve* wiUi the'ii^grWafSri^ 

wor^ 




Kuj, v^:. 



HARBOUR DESIGN 



Not*-- Thtliiight efiiit Mnd atringth of Jtrttmi 









Fliw. 23-^8.— Tidal Currentt in sad out of Dovsr Harbour. 
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of harbour design. At a later stage it will be necessary to take it iuto 
detailed consideration from the point of view of its influence on structural 
features. For the moment, however, we are only concerned with it in its 
general aspect, that is, in so far as it affects the important relationship 
existing between the area of a harbour and the width of its entrance. 

The determination of area is the primary consideration. Obviously, small 
harbours will be more appreciably affected by external commotion than large 
harbours, assuming the inclosed areas in each case to be equally well pro- 
tected, for it is easier to transmit agitation to a small body of water than to 
a large one. But, on the other hand, large harbours, unless most effectively 
screened and sheltered, are themselves liable to act in some degree as wave 
generating areas. Hence some discrimination is necessary, and the question 
of area is more likely to be determined by other considerations than those 
immediately connected with exposure. The required accommodation, the 
dictates of convenience to navigation, and the adaptability of natural features, 
in fact, have foremost place in the determination of area. 

As regards entrance width, there can be little doubt that the narrower the 
entrance, the more effectually is the interior secured from the ingress of 
disturbing elements. In addition thereto, a narrow inlet very materially re- 
duces the power of those waves which do find an entrance. On the other 
hand, an entrance must have adequate width for vessels entering not only 
singly and in calm water, but also when driven in groups under stress of 
weather. Accordingly, the entrance bears a double relationship to the 
harbour, viz., (a) as regards shelter, and (6) as regards accommodation. 

From the first of these points of view, Stevenson has evolved an empirical 
formula to connect the extent of the reduction in the height of waves with 
the width of the inlet and the width of the sheltered area. 

Thus, calling H the height of the unrestricted wave at the mouth of the 
harbour having an entrance width 6, the reduced height of the wave, /t, 
within the harbours at a distance, D, from its mouth and at a point where the 
breadth of the harbour is B, is given by the expression 



»-H{y4-*2</D(.Vff)}- 



For example, when D = 256', b 100', B 400', and H 10', we obtain A = 3-8'. 

The entrance width, however, is subject to other and further considera- 
tions. In tidal harbours there is the outrun of the ebb tide with the 
cumulative effect of the discharge of any upland waters, all tending to pro- 
duce a rapid current in a narrow waterway. And while the scour induced 
by this means is beneficial within certain limits in maintaining a deep 
channel, yet, carried to excess, it is likely to prove prejudicial to the stability 
of walls and piers by undermining their foundations, and, moreover, the rate 
of flow may be such as to interfere with and possibly prevent safe navigation. 
To be precise, a velocity of from 3^ to 4 knots per hour should be looked 
upon as the maximum current permissible. 
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Such, in brief compasB, are some of the more important matters bearing 
on the general question of harbour design, from which it will be seen 
that there are many weighty considcnitionB wliiuii contribute towards a 
determiuatiou of the proper form and arrangement of areas reserved for 
the reception of shipping. In Hie ensuing chapters, it will be our duty 
to investigate some of these 
features more closely and in 
gr«Bter detail. 

Meanwhile, we conclude 
the present section with a 
brief description of three ports 
•elected as furnishing fairly 
representative examples of the 
three principal types of liar- 
bours, vi»., national harbours, 
boHTB, and 
fishery harbours, and also of 
a trio of barboura remarkable 
more for their form than for 
their size, and possessing in- 
terest out of proportion to 
leir commereiiil importance. 

The Military Outport 
at Llbau.' — Libau, as a com- 
mercial harbour, dates from 
the thirteenth century, and 
various extensions have been 
made in its aciximmodution 
from time to time. In 1870, 
when the Libau-Romen rail- 
way was constructed, the port 
into considerable pro- 
minence, and in 18S7 the 
Russian Uovernment deter- 
mined to make also a military 
harbour the site of which was 
to be immediately to the north 
of and connected with, the 
commercial harbour. 

"In designing the general arrangement of the sheltering constructions 

of the outport, two questions had to be taken into cousiderutiun : (1) to lea 

I u much OS possible the risk of the entrances and of the interior of the port 

being silted up by the coast drifts ; (2) to prevent floating ice from 

accumulating in front of the walls and to assist the escape of the ice formed 

' JarintxoCr oD "The Military Outport of LibBu,"Jfi(it.JVM, IiuL C.S., voL taxri. _ 
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within the basin. For both purposes the design adopted may be oonsidered 
as the most suitable. The movement of the sand along the coast is of a two- 
fold character. In shallow water the sand is carried by the waves along the 
shore and accumulates at each exp>osed point, which tends to prevent its 
further movement. For that reason the more the southern mole of the com- 
mercial port was extended into the sea, the more rapid was the growth of the 
coast in the angle between the mole and the shore ; but, in the future, this 
growth will be slower, first, because the depth of the sea increases further 
from the shore, and secondly, because the mole was built out at once to a 
considerable distance and to a great depth, which obliged the waves from the 
west and south-west to glide along the mole and dash against the coast, thus 
scattering the sand collected. Certainly this does not prevent the harbour 
from silting up, but the sand is carried for a long distance along the coast, 
and therefore the danger of accumulations at the entrance of the harbour is 
considerably diminished. Beyond the breakwater the movement of the sand 
is produced by the coast current, in which the particles of sand are suspended. 
If the currents do not meet with any obstacles, the greater part of the sand is 
carried along the coast and is left in sheltered places, and this action is 
favoured by the circumstance that the breakwater and the point of the 
southern mole form a straight line. As regards the ice, which generaUy 
moves backwards and forwards from north to south, the arrangement of the 
walls in one line is very convenient. There is nothing to stop the ice and 
give isolated masses time to freeze together under the influence of the cold 
coast winds. Consequently there can be no accumulation of large ice masses, 
and a strong ice-breaker can at all times easily make a way out of the port 
into the open sea. The ice in the harbour, broken up by the ice-breaker, 
passes without difficulty through the three outlets ; but this ice, owing to the 
mildness of the climate, is never so thick as to be a serious obstacle to the 
movement of the ships." 

The military port, as formed, is 7,700 feet long, 7,000 feet wide, and occupies 
about 1,200 acres. Its natural depth is 14 feet at a distance of 1,400 feet 
from the coast, 22 feet at a distance of 3,500 feet, and it gradually increases 
to 29 and 30 feet as it nears the breakwater. The width of each of the three 
entrances is 700 feet, and the general depth seaward is 30 feet, though 
diminished in places to as little as 24 feet. 

Madras Harbour.— The case of Madras Harbour is a striking instance, 
amongst many which might be cited, of the difficulties attending the effective 
realisation of benefits theoretically deducible from principles which are ap 
pareutly sound in themselves and from a design conforming thereto so far as 
the available data will permit. Much that was hoped for has not come to 
fruition, and justifiable expectations have been disappointed. 

The commercial ports of India are not numerous, in spite of the enormous 
extent of its seaboard. They can almost be counted upon the fingers of one 
hand, and most of them are of comparatively recent development. Up to the 
year 1875, there was nothing at Madras of the nature of a harbour, either 
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natunl or artiticUI ; there wu Bimply an open roadstead on an eipooed, 
sandy coast, swept hy storms and occasional moDsoons of extreme violence, 
during which veeseh were far safer ont at sea. In fact, even at the present 
time, throughout the entire distance of 2300 miles extending round the 




peninsula from Calcutta to Bombay, there exists no mainland port capable of 
affording adequate shelter to shipping in times of cyclonic disturbance ; still 
len of accommodating it, uninterruptedly, at the quayside. 

At Madras, the unloading of vessels is carried on by lighters, or bar^^es, of 
about 10 tons capacity, which traverse the distance between ship and shore. 
The transfer of cargo in the open was and could only be effected at consider- 
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able risk, and the first step to be undertaken in any attempt at an ameliora- 
tion of the conditions was manifestly the creation of a sheltered area, within 
which barges could move freely and without danger. 

There were no natural features to lend assistance to such an undertaking, 
and purely artiticial dispositions had to be made. The initial design was 
prepared by the late Mr Wm. Parkes, and consisted of two breakwaters 
projecting perpendicularly to the coast-line, with rectangular returns ter- 
minating centrally in pier heads, 450 feet apart. Subsequently, the plan 
was modified by the Marine Department, so that the return angles became 

A.B. iF. Portion Uninjured 

^ BC. F9. Portion Und^rmlntd 
m *nd BloekM fallen to 

•^ jMWMrd 

CD. 6H. Top Cours€S mostly 
dl9pi»C9d snd Blocks 
^ fsllsn Inslds 
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Fio. 31. — Madras Harbour. Sketch showing extent of damage done by storm 

of 12th November 1881. 

obtuse and the entrance width was increased to 550 feet. The arrangement 
as adopted is shown in fig. 31. 

The north pier was commenced in 1875 and the south pier two years 
later. Unfortunately, as the work was carried out from the coast-line, the 
sand accumulated about it to the southward so rapidly as to cause the line 
of foreshore to keep pace almost with the work. It was only by pushing 
forward with despatch in the intervals between the monsoons that the walls 
were eventually got ahead of the sand drift. They reached their respective 
pierheads by the year 1881. 

At this epoch a disastrous cyclone occurred. On 12th November 1881, 
the sea swept over the breakwaters from both sides of the harbour, damaging 
the work to an enormous extent. Blocks of 27 tons a-piece were dismantled 
and flung into the inclosure, the walls were undermined by the scour (in 
places to the unprecedented depth of 22 feet below water) and some of the 



work eTCn fell oiitwanJs under the pressure of the water pent up within the 
h&rbour. 

In oonsequeuce of this disaster, the waDs, after repair, were rained au 
aildiliutinl 9 or 10 feet in height, and this has so far proved satisfactory, tor 
iio case of overflooding has siuce occurred. 

The incident afforded an opportnDiiy for a review of the design with the 
object of ascertaining whether an; mudltications were desiraUt;. In 1883, 
a local committee convened at Madras to consider the official report of Sir 
Juhn Hawkshaw, Sir John ('oude and Professor Stokes, recomoiQading a basis 
of reconstruction, advocated the adoption of an improvement scheme of their 
own, with a new entrance facing north-eaat. In asgigniog their reasons for 
wishing to abandon the original entrance, the members stated that : 

"No matter what the direction of the wind, the unceasing swell on this 
portion of the coast rolls in with the cresta of the waves parallel, or very 
nearly so, to the coaat-line. In no case is it believed that tha angle exceeds 
30* to the general line of the coast. The result is that ecas enter the present 
mouth freely, and, owing to the small length of the harbour, are not dispersed 
before reaching the shore at its base. The action is, of course, greatly 
iutenailied during slorms, and particularly with the wind from the east. At 
Buch times, the sea inside the harbour, though not so high as outside, is 
certainly of a dangerous character, being exceedingly broken. Taking these 
ftiid other facts into consideration, the committee have to record their 
opinion that imless means be foond for closing entirely the present entrance, 
no radical cure will have been applied to the chief defect of the work as at 
present deaigned." ^ 

In 1887 they issued a further statement. 

" It is agreed on all hands that, owing to the frequently disturbed state 
of the water, the facilities for landing and emlmrking passengers, cargo, etc., 
offered by the harbour, are very much restricted, nor would it be feasible, for 
the same reason, ti> use, without serious interruption, wharves or jetties 
along the shore-line, or to keep in safety within it such improved lighters, 
tugs, and other harbour craft aa would greatly increase its value as a trading 
port. Much cargo is said to be lost overboard in the process of transhipment, 
End, for want of tugs, no sailing vessels use the harbour at all.' 

"The present or east entrance we believe to be the easiest and safest for 
ingress or egress, but not only does it admit the sea in the manner described, 
but we are of opinion that the time is not very far distant when the depth at 
the entrance will be so far reduced as to become too shallow for the larger 
class of vessels frequenting the port. 

" Tlie alternative is an opening in the north-east corner with a oovering 
'»rm. This is the plan favoured by the Madras Board, and to this we have 
given our most careful consideration. 

"The opinions of the captains of steamers frequenting the port differ 
materially. Some see considerable dithculty and danger in taking an 

' Official FajKn, itiulna ffm-lmir. 1902, p. 39, .' .^W»fc^M^^M 
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entrance so placed ; others see none. We give it as our opinion that, 
although it may not be so easy of ingress, and ships may be detained outside 
more frequently than at present, the increased difficulty is not sufficient to 
condemn it." ^ 

The recommendation was, however, set aside by the Secretary of States 
and the work proceeded in accordance with the original design. 

llie allusion to the silting of the eastern entrance indicates another 
difficulty of the situation. Both prior to and since the completion of the 
works, the entrance has shown manifest indications of shoaling^ at the rate 
of about one foot per annum. Although disquieting, this is not a cause of 
immediate anxiety, in that there is still at the present date something like 
34 feet depth of water to meet the requirements of vessels which do not reach 

£sst Entrance to be Closed . 



Proposed 
Mew 

Entrance 




Fio. 82. —Madras Harbour. Proposals by Madras Special Committee, 1887. 

that draught by 10 feet or more. Still, in view of future increments, the 
matter called for attention. Dredging operations have been put in hand and 
the evil has been checked, one month's work sufficing to remove a year's 
deposit. 

Although shelved for the time, the project of a north-east entrance 
revived, and in 1902 practically the same recommendation as that put forward 
in 1883 was endorsed by an advisory committee, consisting of Sir Charles 
Hartley, Sir George Nares, and Sir William Matthews. An extension to the 
covering arm was added, making it 1600 feet long. The plan which is shown 
in fig. 30 has now received official sanction and is in course of execution. It 
is expected to be completed by the year 1910 or 1911. 

The objections which have been urged against the scheme are the follow- 
ing : — (1) That it will entail the removal of part of the existing breakwater — 

^ Official Papers, Madras Harbour, 1902, p. 54 
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dtfiicult and uncertain operation ; (2) tfaa^t the covering arm will be ooetljf 
3 account of the strength required to resist a broadside attack ; (3) that the 
arm will favour the travel of littoral drift, und lead to slioahng in the neigh- 
bourhood of the new entrance ; and (4) that the latter will be navigable with 
difficult; in a heavy sea. None of these objections, however, can be held 
BB sufBcieut force to overrule the couclusion carefully arrived at, 
existing arrangement ia unsatisfactory and no longer main tain able. 
«sesa no insuperable drawbacli iti thenieelvea, and the schetue is 
nndoubtedlj the beat modification which can be devised in the light of 
local experience. 

For much of hie information respecting the Port and its history, the 
author is indebted to the courtesy of Mr F. J, E. Spring, C. I.E., the chair- 
nan and engineer of the Harbour Coram issioiierH, The following interesting 
observations are dire::t from the pen of that gentleman ; — 

"Madras Harbour niukes uo pretence of offering, nor, owing to its situa- 
tion, can ever pretend to offer, shelter to shipping in very severe weather. 
For, though the artificial breakwaters aie finished at a heiglit of 12 or 14 
feet above sea level, they cannot, at that height, shelter the aides of modem 
steamers from winds, the force of which may avail to break the mooring 
chains. There are in the harbour nine berths for large steamers, with 
permanent bow and stern buoys, the bow buoy ohain being 3\ inches diameter 
and the stem buoy chain 2 J inches diameter. But in heavy winds the vessel's 
own stern lines sometimes break ; accordingly, the moorings are eo arranged 
that each vessel may swing round clear of every other vessel and of the 
breakwaters. 

akwaters, however, very greatly mitigate the roughness of the 
water witbin the harbour, and so enable the barges and lighters locally in use 
— of from 2 to 10 tons burden only — to carry cargo in all weathers between 
and shore. The water is not, however, always smooth enough— that is, 
Irom twenty to thirty days in the year it may not be smooth enough — to 
allow ships to lie alongside jetties. 

It is in view of obtaining smooth enough water within the harbour for 
■hips to lie alongside permanent jetties that the scheme of harbour improve- 
paent^ now in hand and to cost some £375,000, has been initiated. The 
aobeme in question is expected to be completed by the year 1911, and it will 
tlien bo time enough to consider whether tbe volume of trade is likely to be 
^auch aa to warrant the eipenditure of perhaps X200,*100 more involved in ihe 
«rectiou of |>ermaneut jetties for ships' use. Madras is not, and probably 
uever will be, a terminal port, where ships can discharge and take iu full 
cargoes. By fnr the greater number of vessels touching there either have 
only a few hundred tons to put out and lake in, or discharge full cargoes and 
go elsewhere for return cargoes ; or, again, come from other jMjrts for whole or 
.part cargoes. Few vessels, therefore, seem likely to need the convenience of 
quays erected at an espense whicli must put a permanent burden on the 
and a fairly heavy tax on the tonnage of goods vuin^ «uatt. 
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quays, if the dues necessitated by the extra expenditure are confined to goods 
using them. 

" But Madras may be made an improved port for shipping if a better clan 
of barge can be used than the 2 to 10 ton lighters now in use. At present no 
private owners, nor the Port Trust, can be expected to invest money in gach 
plant as tugs and 100-ton barges, which are practically certain to be wrecked 
when a cyclone occurs, as it must occur once in some eight or ten years' time. 
The existing small craft come ashore and not much harm is done, but bigger 
craft would be wrecked to a certainty. Therefore the Port Trust authoritieB 
have recently excavated a 6^-acre basin for such vessels, as well as for the Port's 
own dredging-plaut, the floating timber trade, etc., and they have it in con- 
templation to provide a few self-propelling 100-ton lighters, which, pending their 
replacement by private enterprise, will be worked between ship and shore by 
the Port authorities. There are now in use two steel jetties, one 800 feet long, 
for imports, and the other 350 feet long, for exports. Another export jetty, 
fully equipped with modern hydraulic cranes, is about to be erected, as well 
as some wharves at the harbour breakwaters, alongside of which coal-ships 
can lie and discharge during, probably, 300 days in the year. The new north- 
eastern entrance, under its sheltering arm, and the closing of the old entrance, 
will enable work to be done with far greater comfort and convenience and 
less relative motion between ship and lighter or ship and coal-wharf than is 
now possible." 

Respecting the shoaling difficulty, Mr Spring adds : — 

"The sandy shore of the thousand or so miles of the eastern coast of 
India is continually being acted upon by surface waves dashing upon it^ for 
part of the year with a north-western set, and for part of the year with a 
south-western set. The resultant of these two sets has a north-westerly trend, 
and the effect is that wherever an obstruction juts out from the shore, e.^. 
such an obstruction as is offered by a harbour arm, there is necessarily an 
accretion of sand to the south of it, and the contrary, in the form of erosion, 
to the north of it. The accretion is greatly assisted in its formation by the 
effect of the wind upon the sand thrown up on the shore by the surface 
waves ; for it will be understood that in a tropical climate the sand is very 
quickly dried by the intense solar heat. The prevailing winds, blowing for 
months together in one direction, bear the dried sand landwards, and pOe it 
up until its level is from 3 to 5 feet above the level of high water. Such an 
accretion, to the extent of some hundreds of acres, has found itself on the 
south side of Madras harbour, affording valuable land for various port 
purposes. It is in this accretion that the 6^-acre boat basin, previously 
alluded to, has been excavated. 

'*The sandy accretion has now extended itself nearly out to the extremity 
of the south harbour arm, and the sea current, running for several months 
in the year northward past the entrance, can be seen laden heavily wiUi sand 
in suspension, which, naturally, is being dropped in the entrance. The 
entrance has thus, in the last ten years, been steadily shallowing at the rate 



of about one toot ftnuually. But lately it hhs been Eoiini), sinco the Port 
kuthoriticd have become poasessed of a modern 1000-ton auctiim dredger, that 
a month's work tu ihe year easily overtakes the annual silting. 

"When the old entrance is closed in 1911, the sand will undoubtedly tend 
to flow in the current, past the closed entrances and northwards to the end 
of the new sheltering arm, there to be dropped in tlie still water formed by 
that arm near the new entrance. But there seems no reason to fear that 
Diodtm dredging methods will not be equal to coping with the difficulty." 

Whitby Harbour.— The town of Whitby, lying at the mouth of the 
river Esk, afibrds an instance of a liehing harbour maintained chiefly by tidal 
scour. There are two piers at the entrance, the west pier originally projecting 
considerably further seaward than the east pier. The meeting of the flood- 
tide, however, with the river current, produced an eddy just within the west 
pierhead, leading to slack water and shoaling. 

Thus, a vessel desirous of entering the harbour had to go nearer the cost 
pier in order to avoid the hut ; in so doing it was in danger of losing steerage- 
way, owing to the strength of the flood-tide (which flowed eastward at a 
considerable rate), and tended to drift beyond the east pierhead before making 
the entrauce. In order to minimise the trouble of the bar, some large stones 

s placed N.N.W. of the west pierhead below the water level, at which 
shipe might safely enter the harbour. These stones acted att a groyne, 
tending to prevent the formation of the bar by arresting the eastward progress 
of the sand deposit.^ 

The remedy ultimately adopted consisted in prolonging the east pier until 
both pierheads were in a line parallel to the set of the tide. By this means 
the width between the pierheads was diminished by nearly one-half, the bar 
disappeared for a time, and heavy seas which formerly entered the harbour 
were perceptibly reduced. The projection of the east pier, however, caught the 
waves from the north-west, instead of allowing them to pass the entrance aa 
before. These waves, passing into shallow water, stirred up the sandy bottom, 
becoming heavily charged with material. They swept along until they Htmck 
the inner face of the east pier extension, whence they rebounded within the 
harbour, and, reaching slack water, the sand which they carried was deposited. 

Besides silting up the harbour, the decreased width of the mouth made 
the entrance exceedingly dangerous, as, owing to the rapid cross-flow of the 
tide, ft vessel had great difficulty in shooting in between the pierheads when 
running before a north-west wind. She might strike the east pier-end or 
drift on to the rocks beyond; or, if she eff'pcted an entrance, she might 
collide with the inner face of the extension. 

The state of affiiirs was, therefore, fiir from satisfactory, and a further 
scheme of improvement has been decided upon and is about to be undertaken. 
Messrs J. Watt Sandcman and Son, the engineers, have favoured the author 
with the following observations, both in regard to the defects of the present 
h&rbour and the proposed remedial meaaures. 

» Vide AiwUu on WUitby Hurlfuur, Mm. 7Vw, Lml, C.E., vul, clvi p. 2St ^ 
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HAEBOUR DE8IGK. 

" DefeeU of the pretent liarhoiiT : (1) The shoai depth, n 
irregular course of the entrance channel, 

" At tow water, the depth of the channel between the pierheads is about 
2 feet, and from the pierhe-ads to the harlKiur quays it avera^jea only about 
1 foot. This shallow depth causes detention to the largest class of herring- 
boata of from 2J to 6 hours, which greatly diminishes the value of the Geh, 
particularly iu hot weather. 

"The breadtli of the channel varies from 50 to 80 feet. Its oourse, 
instead of being midway between the piers, is close to the outer arm of the 
east pier, and at the inner end of that arm it lakes a sharp bend. But the 
most dangerous feature is the sand-bar just outside of the pierheads, which 

B several feet at low water, and whiuh, owing to wave action from pre- 
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mMnt&ined in th« ontrwice channel, chiefly by reduinng the t»Tel of sand 
from the weat foroBhore, and, secondly, to «daoe the admieaon of waTW and 




Flo. SS.— Whitb; Harbour. Front view or propoged wave tnp. 
msequently the range of Bea into the harbour, and so render the harboar 
'" he taken by ships and boatu during storms. 



"{2) Dredging a channel to n depth of 7 feet at low water from the new 
pierheads up to the bridge, aud nideiiing the aume for a length of 700 feet 
in front of the new fish quay. 

"(3) The construction of n new fish quay, 700 feet in length. 

"There is not at present suiBcieut quay space in the harbour for the 
landing and sale of lislt, and the existing quays would not admit of a depth of 
7 feet at low water being dredged ahmgside of them. 

"The prominent position of Whitby gives it a great advantage for sailing 
boats over embayed harbours, sueli as Scarborough and Hartlepool, where 
boats often lose much time by being becalmed ; while at Whitby, when there 
is any wind at all, boats get it immediately outside of the pierheaiia. 

"The position of the railway at Whitby, alongside of the harbour and at 
the level of the quays, is another great advauCage as couipiired with North 
Shields, Scarborough, and other harbours, where lish have to be oarted uphill, 
at great eipciiso to the railway." 

Danish Island Harbours.'— Tlie DtLuish Islca :uid the Peninsula of 



Km. 




7.— Plan uf Aniager IsIhniI llurljour, Via. 3S.— Plan of 5nogcbu>k Ulftnimu-bour. 



Jutland have an arni of only I4,S50 square miles and a shore-line of about 
3374 miles. On a part, perhaps about ^th, of this length, particularly on 
the south coast of the Ishiud of Ikimbolm in ihc Baltic, on the north coast of 
Zealand facing the Cattegat, and on the north and west coasts of Jutland, 
facing the Skagerrack and the North Sea, construction of harbours is 
rendered difficult by the littoral drift. liere the island harbours are situated. 
Two of these, at Aruuger and Suogebcek on Boruholm, were built in a 
tentative way, in 1883 and 16St^, whereas the third one at Hundested on 
Zealand was formed in 1893 by tlie transformation of an originally land- 
connected harbour. All three, shown in ligs. 37-39, wore built by Mr H. 
Znhrtmanu. The basins inclosed by riprap moles are fium 4 feel 6 inches to 
8 feet deep, and cover areas of '37, "2 and 1&2 acres reajtectively, or, in- 
cluding the outer basin of the latter, 2'16 acres. From the moles, open 

■ P. Veild on "lalaud Harboura," Tram. Am. doe. C.B., vol. liv. Part A., Fnic. Int. 
Bag. Coat, 1901. 
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▼U/lucts, wooden or composite, from 330 feet to 660 feet long, lead to the 
«horc, and are divided into from thirteen to twenty bays, which span openings 
fwm 20 foct to 30 feet wide. 

On the coast of Denmark, tides are insignificant, hardly perceptible in 

the Baltic, not exceeding 1 foot in 
the Cattegat, and rising only to 
4 feet 6 inches in the NorUi Sea near 
the Southern Boundary. Hence, 
any movement of material which 
takes place is not due to tidal action, 
but to the action of the waves, com- 
bined, perhaps, with that of local 
currents, and, whichever of these 
agencies be considered, attributable 
to the effect of the wind. 

The object aimed at by the three 
fishing ports seems to have been 
accomplished fairly well. At neither 
Arnager nor Snogeboek has material 
accumulated to an alarming degree ; 
it is pure quartz sand, the size of 
the grains being '45 and '25 mm. 
respectively. At Hundested the 
drifting material is more hetero- 
geneous, consisting of a mixture of 
quartsfi sand with j<rains of 25 mm, in diameter, gravel, shingle, laiger 
IMjbbloH, and j^ood-Hizod boulders. Some accumulation has taken place inside 
the 5 in. contour, and Imiiks have formed at the south-east mole and at the 
Hhoro MouthoiiHt of the port ; but a state of ei|uilibrium seems to have been 
reached, in which thoHo two Imnks play an important part. 




••• ^^ ^fc ^^•'%. 



'* ^^^ ..^^•a* 



¥tu, »9. rUti of Hundestmi Island Harbour. 



CHAPTER III. 
SURVEYING, MARINE AND SUBMARINE. 

Soundings— Methods of Prooedare — Appliances; Line, Chain, and Pola — Sutoliffe'B 
Ap|«rttnB— M«inloii»nce of Alignment— Varifttion a in Water Lovel— Tide Gougw— 
Current Obaervationa — Flouts — Localisation — Plotting FoaitioDS — Diving OjienitionB — 
Bells — Diving Dress and Equipnivnt. 

Marine Survey ingr, while generally and appropriately considered as 
coDGtitutiiig a special depurtment of iiiaritime work, with a field and puiriew 
of its owD, has at tbe same time certain uf its operatiotiB so oloaely associated 
with the ordinary routine of harbour engiueoriug that aome reference to 
thein, if not absolutely imperative, becomes, at least, eminently desirable. 

It is not contemplated, however, to enter into ouy detailed explanation of 
the principles underlying the carrying out of a hydrograpbical survey, nor 
even to describe in outline the series of operstiona involved in the prepara- 
tion of a chart of any portion of the coast-line for purposes of harbour 
design. Such matters, afTordlng scope for no little mathematical investiga- 
tion and requiring much elucidation of particular problems, are to be found 
treated in geodetic text-books speoially devoted to that end; and even 
supposing that this were considered an appropriate course to pursue, it would 
hardly be possible to deal with the questions which would inevitably arise, in 
a manner at once sufficiently comproheosive and succinct for inclusion within 
the limits imposed by the requirements of this treatise. 

Tbe operations more immediately concerning the engineer in the actual 
constructional and maiuteuance work of a harbour are, (a) the taking of 
soundings, and (t) the determination of the direction and velocity of tidal 
and fluvial curreute. Our observations, therefore, will be confined to these 
points. 

Soundings.— The toking of soundings is a very common operation in 
navigation, but the applintiues used in tiiat connection and the methods in 
vogue are by no means identical with thoso characteristic of harbour practice. 
In the latter sphere much greater precision and accuracy are essential than 
can be afforded by the somewhat rough and ready appliances employed in 
connection with shipping. 

Manifestly the simplest way of taking a sounding, that is, of ascertaining 
the depth of water at any spot, it to lower a pole or weighted line until the 
bottom is reached. If the pole or lino be graduated to linear meaaui«, lihft 
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depth can be read directly therefrom. This method is perfectly satisfactory 
when performed from a stationary base, as, for instance, when the operator is 
standing on a quay wall or on a boat which is moored, and in this way it is, 
of course, only applicable to single dips. 

When it is desired to take a series of dips along a given line in any 
direction, the base, if afloat, must obviously be movable; and while a boat, no 
doubt, may be alternately moved and moored so as to fulfil the condition 
stated above, yet the process would be slow and tedious. It is evidently 
preferable to adopt some method of taking soundings in dose and un- 
interrupted sequence while the boat is in 
continuous motion. 

Lowering a pole or line under these 
circumstances would lead to inaccurate 
readings, as, by the time the bottom was 
reached, the travel of the boat would have 
produced considerable inclination in the 
instrument, so that it was no longer ver- 
tical Seamen get over this difficulty 
by throwing or heaving the lead, which 
weights the line, some distance ahead of 
the boat, giving it time to reach the 
bottom before the boat passes perpendicu- 
larly over it. The reading is then taken 
at the moment of verticality, as near as 
can be judged. 

The method is somewhat rough and 

A I crude, but, except in deep water, it gives 

/*\ t" fairly reliable results. The hand-lead, 

/ .^eaa I ordinarily used for the purpose^ has alength 

^ ^ ' — ' of line not exceeding 30 fitthoms, which is 

^So *i-"^^*^^ ™^''® ^^*" ample for any engineering re- 
quirements. The length of line for pur- 
poses of harbour soundings need hardly exceed 50 or 60 feet^ and very 
often much shorter lengths than this will serve. 

The linB, if of hemp or wire, is graduated by tags of different texturSi 
shape, and colour, so as to be identified by night as well as by day (fig. 40). 
Strips of woollen material, cotton, leather, serge, and even string, are utilised to 
give variation. If a chain line be used, copper-stamped links are substituted for 
the tags (fig. 41). A chain is preferable to a hemp line on account of the 
excessive shrinkage of the latter, amounting, when new, to as much as 5 per 
cent, during the course of a day's work. New lines should, in ^t, be 
avoided for this reason, and all lines should bo well wetted just before use. 
Finally, they should be tested frequently — before and after each line of 
soundings, if possible — by some standard length, which, for all praotioal 
purposes, may be marked on the boat itself. 



Tag 



YjCopper Link 



Fio. 40.— Wire 
Soundiog-line. 



A seaman's lead is usually an octagonal bar, weighing from 8 to 10 Iba. 
For engineering work, a flat disc weighing abotit 3 Ihs, is more Buitable, as 
ib^e 18 less tendency for a lead of this shape to aiuk into mud or other soft 
material. If, however, it lie deaired to penetrate through the mud to firm 
ground, a bar or ball must be employed. 

For soundings in shallow water, in depths, say, not exceediog 20 or 25 fe«t, a 
pole is BometiraoB used. .As regardaconvenience in handling, white pine, which 
is tight, forms the best material from wliich to make it. The pole is either 
circular in section, or oblong, about 3 iiiches by 3 inches, with hollowed faces, 
painted and gntduaied in feet and quarter-feet ; sometimes in feet and iuobes. 
It should be shod with a tiat-bottoraed shoe for tlie reason stated above, and 
the weight of the shoo should be just siittioieut to assist iu sinking the pole 
to the bottom, and no more. The manipulation of a long pole, however, is by 
no means an easy matter, and it is ouly or mainly used for minor purposes. 

The drawback attaching to all these appliances — line, chain, and pole — -is 
their liability to miss some prominent protuberance in the bottom due to 
the isolated nature of the dips and llio distance which lies between them. 
Exuopt in perfectly still water, it is necessary to keep the boat moving at a 
oertaio mte iu order to steer it and prevent it from being defected out of its 
course by the current. It is difficult, therefore, under ordinary oircumstancee, 
to take soundings with the lead line at intervals of less than 10 feet. And 
a good deal may lie hidden in 10 feet. As a matter of fact, soundings are 
frequently taken at much greater distances. Furthermore, there is the 
effect of wave motion, which interferes very materially with the accuracy of 
the readings. 

For these reasons, and for others which it is unnecessary to enumerate, a 
more complete and reliable system of recording depths in connection with 
harbour work is hi).'l]ly desirable, and a. uuml^er of attempts have been 
made to supply apparatus which will conform with the requiremeiita of the 
case. Chemical and electrical agencies have been proposed, and tested with 
varying, but generally unsatisfactory, results. They are too genaitive in 
action and too delicate in adjustment for use in exposed situatious amid 
uustable surroundingH. Whatever possibilities they may contain, at any- 
rate they have not yet been put into a working form, and mechanical ap- 
pliances still seem to supply the only practicable means of dealing with the 
problem. 

For sounding work in estuaries, harbours, and coastal inlets generally, the 
moat serviceable and efliuieut machine with which the author is acquainted 
is one designed and patented by Mr Fielden Sutclifle of Liverpool. Having 
had occasion to use it many times, the author feels in a position to speak 
authoritatively on its capabilities, and he has no hesitation in testifying to 
it« value. The following is a description of the machine. 

SutXiliffe's Sounding- Apparatus.— The apparatus illustrated in figs. 
42, 43, consists of three parts: the Sounding Machine (shown fitted up on 
ft boftt), the Horizontal Distance Measurer, and the Section Plotter. ^^^ 
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The Sounding Machine consists of a wheel with a grooved rim, on which 
is wound the sounding line, a fine steel wire having the lead attached to its 
free end. The wheel is mounted in a frame which is arranged for clamping 
to the gunwale of a boat at its starboard quarter. The sounding-boat is also 
equipped with a sprit and a leading block fitted over the starboard bow. 

On the back of the wheel is a spiral reel, on which a second line, called 
the " Preventer Line," is wound. The free end of this line, after being 
passed forward and through the sprit block, is taken back to the lead to 
which it is attached, the line thus forming a right-angled triangle, llie 
function of the line is to prevent the trailing of the lead astern of the 
boat when the latter is moving. It not only ensures the verticality of each 
dip, but it also enables the lead to be maintained within a few feet of the 
bottom, so that dips may be taken frequently and regularly. Any casting 
forward of the lead is entirely obviated. The wheel and the reel are so 
proportioned relatively to each other and to the horizontal line from the 
wheel to the sprit block, that they each pay out or take in the requisite 
amount of their respective lengths to maintain the lead-line vertical at all 
depths of its range. 

The wheel measures 10 feet in circumference at the bottom of its rim 
groove ; consequently, the length of sounding line paid out per revolatkm is 
10 feet, with fractions of a revolution in proportion. 

At the front of the wheel frame there are two scales, along iriiioh 'a 
pointer is caused to travel at a rate proportional to the vertical travel of the 
lead. These scales are adjustable; one may be set so that the pointer indi- 
cates upon it the absolute depth below the surface level, whOe upon the 
other is indicated the depth relative to any assigned datum line. Indicattons 
are also afforded by the rim of the wheel, which is graduated and provided 
with a fixed pointer. 

In taking soundings with this machine, the operator first sets the lead at 
the surface of the water with zero on the wheel at the fixed pointer, and the 
scales adjusted to the movable pointer. 

He then grasps the rim of the wheel with his left hand, releases a catoh 
with his right hand, and allows the wheel to revolve until the lead strikes 
the bottom ; then, reversing the motion of the wheel, he reads from the 
pointers the depth indicated at the instant he feels the sounding line become 
taut. Continuing the movement a little further, he raises the lead clear of 
the bottom in readiness for the next dip. 

The operator is assisted in the picking up of the slack line by the reaction 
of a coil spring on the wheel axle. 

The Horizontal Distance Measurer consists of a drum on which is wound 
a length of fine steel wire. The drum is mounted, with its axis vertical, in 
a bracket fixed at the stem of the soui.J.ing-boat. As the boat moves away 
from its starting-point, to which one end of the wire is attached, the drum 
rotates and pays out the wire, the unwinding being regulated by a hand- 
wheel and screw acting upon a band brake. The revolutions of the drum 
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are made to indicAte on a counter the length of v 
conjunction with the Seclioii Plotter. 

The Ser/iun Plotter is a device for recording on paper a Uiie of s 
to ecale. without the necessity tor any intermediate bookings By its i 
a band of paper is made to traverse at n„'ht angles the tracit of the i 
point«r of the sounding machine at a rate proportionnle to the pacing out of 
the distance line. Thus the pointer, the motion of which acrosa the paper 



A. Pkyins-oat 

B. Wmdmo-on 

C. Guide roller. 

D. Guide wheel. 
BE'. Scales. 

F. Pencil btneb 




Fio. 43. 

representa the amount of rise and fall of the lead, acquires relatively to the 
pHper a second niovcment corresponding to the horizoutitl travel of the lead. 
The pointer carries a marker, sprung just clear of the paper, and the operator, 
on taking a sounding, hiia only to tap the marker with a finger of his right 
hand id order to record the sounding on paper, by means of a dot which 
denotes the position of the lead on the secrion plane, both vertically and 
horizontally. 

A number of ingenious details by which the apparatus is rendered 
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fiilly effioicDt for the purposes sliited above. It would, however, take too 
long to enter into these, and wc nitiat dismiss the subject at this poiut in 
order to return to the niniu tlieme uuder consideration. 

In the eiamplo (fig. 44) of a lino of soundings taken and plotted by 
Sutcliffe's Apparatus, the letters A, B, C, D represent the position of cross 
sighU, by meiLns of which the operator verities his distances. 

During the process of taking soundings in a tideway, two points demand 
the constant attention of the operator. One is the aiigtiment of (he dxp», and 
the otiier is the mutaJion of the water level, 

Aligrnment is diflicnlt to maintain in a cross current, and the boat needs 
to be carefully watched to see that it does not drift out of its course. If a 
line of soundings be taken from the shore or quay out towards the open, a 
couple of poles or oiher suitable uprightH, one at the water's edge and the 
other some 30 or 35 feet back, should afford adequate giiidan(;e. When the 
bank is steep, it may be necessary to give the rear pole greater elevation than 
the otlier in order to be able to range them both with the eye from a lower 
level. If a line of soundings lie between t»'o tidied points, such as stakes 
filed into opposite iianks of a river, the distance between them not being very 
great, a, rope may be stretched taut from one to the other. In this case, by 
providing the rope with tags at regular intervals, the exact distance of each 
Bounding can be recorded. When there is only one tixed [ioint, distances may 
be read off a conl or rope, similarly tagged, and paid out from the Iwat as 
it proceeds. Failing this, the position of the boat at each dip must be fixed by 
angular measurement from the shore, with the aid of the sextiint or theodolite. 
Varifltlons in the Water Level should he noted at regular and stated 
intervals (say every ten or fifteen minutes) by an observer stationed at a tide- 
gauge adjacent to the site of operations. 
The operator iu the Ixiat also notes the 
dips which correspond to the same in- 
tervals of time, and, by sultsequent com- 
parison with the tide-gauge readings, t!ie 
proper correction can be made by which 
all the soimdings Are referred to one 
datum line, either local and temporary, 
or established and general. 

A Ttde-gau^e is an appliance for 
the purpose of indicating changes in the 
sea surface level. In its simplest form 
it consists of an upright stake or pof>t 
(fig. 45) driven into the shore or h^iiik. " 
And graduated to linear measure, 
some situations a single post may suthce 
to iudicale the whole tidal range ; in 
other cases a number of posts may be necessary, eitending across a slopin 
shore from high water level to low water level and forming a series of steps. 
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In cases where there is anj Bwell, tha gMige nikj coanst of a rod or 
indicator, with a Boat at it« lower end incloaed in a tube^ tho bottom of which 
is perforated as shown in 6g. 46. Such an apparatua maj be affixed to a qnay 
or other vertical wall 

Id important localities it ia cuatomarjr for tid»^augea to be more 




Flu. 48.— Tide-gangc for use in rough Fio. 47.— Tida-gange Honte on Q1U7 WaU. 

or choji]iy Wktar. 

(iliilKjnitely constructed and to possess self-registering apparatus. A well or 
tube ill free communication with tho sea is fitted with a float supporting a 
graduated upright stem, which passes upwards to a scale and pointer. For 
Bolf-registering purpodes the float )B conpected hj means of a obain or ootd 
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h with a movable pencil suitably situated so as to mark the siirface of a. paper- 
I oovered cyliudcr, which is rotated by clockwork, 

n taking soundings, it is necessary to Ijave a tide^uge immediately 
k- adjacent to the scene oF operations, and when the scope of these Is extensive, 
I KTeml gauges at various points will be required, because fluctuations in the 
f water level are frequently local, nud they are by no means uniform. 

Examples of permanent tide-gJiuge stations arc shown in figs. 47 and 48 : 
le situated at the edge of a quay wall, and the other on a river bank. In 




inddy places a flushing bank is provided for cleansing the gauge well and 
m&intaining free access of water to it. 

The DetOPmination of CUPrents.— It is important to the engineer 
to know the directions taken by tidal currents at various times during the 
day, and to observe their relation in regard to the configuration of the coast- 
tine and the maintenance of navigable inlets. To uajuire this knowledge, 
be hat in many instances to fall back upon personal observation, and one of 
'the earliest steps in coimection with the laying out of harbour work will be 
1» acquire the requisite data in regard to current flow. 

Floats.— The most obvious method of observing the set or direction of 
i current is by means of some floating object. Any substance drifting upon 
Ae aurfncc of the water affords a means of recognising the trend of tide or 
Aream. Yet it must bo pointed out that so simple an eijiedi en t— despite 
its apparent reliability— is not without very serious drawbacks, and that its 
Buivetsal eflicaey is by no means to be taken for gmnted. 

In the first place, puradoxical as it may seem, the topmost layer of the 
water may flow in a different direction to the tower layers or main body. 
Fresh water has a less specitic gravity than salt water, and does not readily 
mix with it. A fresh-water stream, encountering a tidal inset, will therefore 
tow over it for some distance before becoming incorporated therein. The 
■ wimi alao is capable of exerting so powerful an influence on the surface of » 
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body of water in motion as to nuike it move directly counter to the under 
portion. Then again, there are cross channel 
currents producing a spiral action, in such 
a manner that the particles of water move 
across the bottom in a totally different direc- i 
tion to that which they take along the ' 
surface. 

And not only is direction affected, but 
velocity ia very much more involved. The 
velocity of a moving stream varies very 
materially throughout its depth. The 
maximum lies about midway between the 
surface and the bottom, at both of which 
points there are sources of retardation, due, 
in the former case, to aerial movement, 
and, in the latter, to friction with the 
ground. 

This being so, floats for detennining 
^^ SKttt iito Mte«t t^be flow of currents should extend some 
^4^ wig1ii'rii""a depth into the water so as to partake of 
the influence of as many layers as posuble. 
Furthermore, for purposes of observation, 
they must project sufficiently above the surface level to be accurately 
observed, without exposing too great a surface to wind pressure. 

A circular or square pole ivith a wooden 
cylinder or prism at its lower end, weighted 
so lis to flout vertically, affords n suitable 
form of instrument. Such an indicator is 
shown in fig. 49. 

There are two wnys of taking the neces- 
sary observations, which fix the location ' 
of the pole at any desired point of time. 

In the first method, two operators, each with theodolite or sextant, are 
stationed nt a fixed distituco apart along a base line on the shore (fig. 50). At 
concerted signals each operator 
measures the angle subtended 
by the lino joining the other 
operatorand the float. The in- 
tersection of the lines forming 
these two angles respectively 
determines the position of the 
1 float at the time of observation. 
For the second method (fig. 
M) one operator will suffice, but 
Following closely in a 
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he must generally be provided with two sextants. 
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s rapidly as possible. 




e of the fioftt, at any eis 
le takes the readings of the two b 
irbich the float makes with three fixed 
abjects ranged along the ebore frontage, 
Bonveniently situated as near as possible 
kbreust of hie position and preferably co- 
linear or nearly so.' These angles having 
ran plotted on a piece of tracing paper, 
the Utter may be adjusted over a plan 
O that the three lines pass through the 
Ixed points on the shore. When this con- 
lition is fulfilled — and there is only one 
»ition corresponding to any pair of angles, — the point may be pricked through. 
A ttalion-pointer may be used in place of the tracing paper. This instru- 
ment has three long flat arms, or splayed straight- 
edgca, all radiating from a common centre. A 
graduiited circular arc on the middle arm, with 
vernier indices on the side arniH, enables the instru- 
ment to be accurately adjusted to any given com- 
bination of angles. This performed, the instrument 
is laid upon the plan so that the straight-edges paas 
through each of the given stations. The point of 
intersection of the arms is then pricked through as 
before. 

It has been remarked that for this method of 
locatin;^' the position of the float, two sighting in- 
struments are generally necessary. It is manifest 
that the observations must be as simultaneous as 
poasibla. Any hurry in reading the lirst angle 
prior to adjustment for the second would lead to 
error. It is preferable, therefore, to fii both angles 
and defer the readings of either until that has been 
done. As a check, the angle containing the two 
subsidiary angles may also be read, but this in- 
volves the provision of a third sestant, with, pro- 
bably, the aid of another operator. 

Besides the staff or pole, other forms of float are 
available. On the river Avon an empty 5-ga1lon oil- 
drum has been used, sunk to almost complete immer- 
sion and ballasted by a basket of stone attached 
below it in the niunner shown in fig. 53. On top of 
iiied a sighting mark consisting either of a semaphore, flag, or disc. 

' The method Culilf kll fonr points lie oo the circumferenc* of a ajrale (fig, 53), All 
w in the name ax wnal ugmeiiU of a circle are e^uaL Thni tho a ' " 
uImP,, 
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For purpoaos to which no great aocuracj is enential, anj oonTenient 
hiKiyaiit ohjwt miiy servo, such as an empty keg or barrel, and in positions 
whoro u Niimll oltjiHst can be easily seen, an angler's float will do admirably. 
Siiia!! plooim of wrk or wood suggest themselves as equally utilisable. An 
(iraiige iimkim a j^ikm! float under convenient circumstances of viwbility. Its 
H|iiH)iflo gmvity is vory little less than that of water; hence it floats nearly 
whtilly innnorNtHl, t«x{Kwing little or no surface to atmospheric action. 

Dlvlngf.— Perhai» the most interesting, not to say romantic, feature of 
hartNiur ouKinoering wivk is the use of diving apparatus in connection with 
the pro|N^ration of submarino foundations. A very large proportion of the 
o{x«rtitionN utHM^ruinry to the satiafactory stability of breakwaters and quays 
\u%H Ut \h} couduotiHl undor water, and much of it would be almost impracticable 
without thp aid of diving-Wlls and diving-dresses. Natives of the East 
Indian Hmn ongti^iHl in }H»nrl tishorios do, it is true, remain under water for 
nppnviablf* poriinln witlunit any special apparatus for the supply of air, but 
tho Ntrtiin IN vory gn^ati I'axising bleixling at the nose, mouth, and ears, and if 
unihily pntlouginl, Imtiing to fatal results. Apart from these physical eflects 
U|MHi tho a^ontn ongagtHl, thort^ is much interruption to the operations, which, 
In l\w oiiNo of Ntniot\iral work, would bo inimical to its satisfactory accomplish- 
ninnt, luiil tlin imnto with which the operations have to be performed would 
bo iniMini|Mit Iblo with the exorcise of caro and accuracy. A regular and con- 
Htinit. HUpply of attntwphoric air to workers below the sprface enables them to 
ronialn nn iluty for Koino time without any serious discomfort^ and for this 
rnuMon lilnno (lin \ino uf air chauilH^rs and diving suits has become an integral 
i4(UMihi|mniniont nf all nmritimo oiH'rations. 

Tint Dlvlnir-BoH (% M) in a motAllic chamber of sufficient capacity to 
lioiMiiiitniHliiio any n\nulH'r of workers, from one man up to a dozen or 
itini'ii. Tho i«han)hot\ which in formed of mild steel plates, carefully rivetted 
toKi^llinr and immiIIumI no an to W absolutely water-tight, is suspended from 
tlm jlli of a cmno or ovcrln^ad traveller, or from any lifting appliance afloat or 
iw*lion», imd no raUiMl nnd lowertHi as the case may be. In the interior are 
HoatM ami fiMilnmtN for tlio (Hvn{^nts during ascent and descent, and shelves 
for toolM. HiKnallinM; m^ar In pn>viiKHl, and many bells are now fitted with 
nimarin liKht. ami with telephonic ap|Vin^tus. In addition to this equipment, 
thore ari» the neeiwuiry air valves and piiK>s for maintaining a supply of fresh 
air at tin* rmniirotl pri»HN\m\ At the top and sides of the bell are observation 
lonHCH, artonlln^ a view ot the environment. The Ixjll is ballasted with cast- 
iron kontl«Ml>(e, plaotMl in a Hinvial chamU^r, to enable the structure to sink 
without endanKcrinj? IIm tH|uililirinm. The size of bells varies very consider- 
ably. Two iuMtancivH may W qxiotinl as examples. The diving-bells used on 
the Dover HarlK)nr Works wcn» 17 fwt long by lOJ feet wide by ^ feet 
high, inside measurement. At MarseilK^ the dimensions were 66 feet in 
length, 22 feet in width, tuui 6^ fivt in height. 

Diving-bells may be kept in companaively free communication with the 
upper air by means of a cylindrical tube, carried up above the surface of the 
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vater uid BurtnouDted hy a Bpec;iai ofaamber, known aa au air-lock. Tbis 
ohambor hu two tightly fitting doors ; ooe giving on to the open, and the 
other in to the tube. After entrance to the chamber from above or below, 
the door is closed and the pressure equalised with that of the bell or the 
atmosphere as the case may he. The air lock thuti forms a cunveiiicut means 
for the transmission of material to and from the base of operations — for the 
.passing out of excavation and the taking in of stone and cement ; and it 
becomes, in fact, esaential, if the progress of the work is to be uninterrupted. 

In many cases, however, owing to the bulk and weight of the foregoing 
apparatus, submHriue operations have been mainly, and even entirely, carried 
on with the aid of individual divera, each equipped with a helmet diving-dress 
I and capable of acting in perfect independence of any submerged chamber. 
Where the locality is free from currents, there can be little doubt that this 
juethod of working is preferable in many ways; but a current exceeding 3 
milea per hour uouatitutes not only a trying force for the diver to contend 
against, but it throws considerable strain on the air-pipe and, to n less degree 
perhaps, upon the life-line. It must be borne in mind that a diver, when 
immersed, is a very buoyant object, and that he necessarily finds it diflicult to 
withstand any powerful lateral force. It is comparatively easy for him to be 
Bwept off his feet, and even a moderate Sow makes bis foothold far from 
■ecure. The author recollects with painful vividness how one diver, engaged 
on submarine work at Liverpool, was suddenly sucked through a culvert to 
his death. There was gross negligence which contributed to the fatal result, 
but the incident illustrates the uncertainty of a diver's equilibrium and the 
4pee.t risk he oftentimes runs. 

Apart from this drawback, it must be admitted that work, as a rule, can 
be more ex[ieilitiously porformcii by men moving in perfect freedom over a 
large area than is possible when they are confined within a narrow 8|iace, where 
there is a limit to the number of men employable and the likelihood of their 
impeding one another's movements. 

Diving'-Dresses. — The diver's outKt comprises the helmet, the drees, the 
«ir-pij)e and life-line, and the air-pump. 

The kelmel, which is spherical in appearance, is of highly planished tinned 
copper, as also is the breastplate or corselet to which it is eounected, though 
^uD-metal Is sooietimes employed for the latter. Connection is eSectcd by 
meADS of segmeutjil screw neek-rings of gun-metal, the joint being rendered 
perfectly water-tight by turning the helmet through an angle of 45 degrees. 
The breastplate is moulded to the shape of the shoulders on which it sits, 
•ometimea with a padded beariug. It receives the collar of the india-rubber 
dress over a series of brass screws through corresponding eyelet holes. Gun- 
aietal fianges and wing nuts form a secure and impervious connection. The 
Jieadpiece is fitted with side and front lights in the form of round or oval 
jdate glasses, set in brass frames, with stout wire-guards. The front glass is 
(detachable by unscrewing, or hinged to open. Air should be introduced iuto 
e^dmetJD such a ^iffjf^ ^.f""^ ''jo^j? 9^^ ('■^ ?!^''9?b of these gluses,. 
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80 as to prevent tliu condciiiiution of the diver's breath upon them. The other 
fittiugs of a lielniet arc the inlet and outlet valves of the air supply, the latter 
of which is cquipi)cd with a regulator, so that the diver can control hia supply 
of air to a nicety. The inlet valve is so constructed that air ia allowed to 
enter freely, but cannot possibly escape that way, and, in the event of 
damage occurring to the supply pipe, by closing the outlet valve, the 
apparatus would retain sufficient air to enable the diver to return to the 
surface. 

The dress is in one complete piece, made of solid sheet india-rubber between 
double-tanned twill. It is fitted with vulcanised india-rubber cuffs and collar, 
the former being sufficiently close fitting to the wrists to prevent the entrance 
of water, and tlie latter pierced with holes to correspond with the clamping 
screws of the breastplate. In English practice the number of these holes is 
about a dozen; in French practice, three. The cuffs have generally to be 
ex|)anded with metal expanders, shaped like shoe-homsi to admit of the 
passage of the hands, but, in some cases, a bead is moulded on the edge of the 
cuff, which enables it to be rolled back over the hands. Should the cnflb not 
prove sufficiently water-tight, the writer has found it a good plan to bind the 
wrists with a band of moistened chamois leather before the cuflb are put in 
place. 

As it is no uncommon occurrence for a little water to enter the dress 
through leakage, or occasionally through allowing the outlet valve to be 
open rather too widely, the diver, before putting on the dress, removes his outer 
garments and dons a guernsey, drawers, and stockings, as protection from wet 
and also as padding to his body. For deep or cold water these habiliments may 
be doubled or trebled. He wears a pair of canvas socks over the feet of the 
dress to protect it when walking about without shoes, and, if his work is 
likely to lead him into rough and rocky places, an outer suit of canvas overalls 
is desirable. 

The boots are strapped on at the last moment before descending. They 
are either of specially stout leather, heavily shod with lead, or cast in brass 
with leather uppers. Additional weight is generally provided for the body 
of the dress by loading the breast and back with lead pads slung across the 
shoulders. 

The diver's personal c(|uipment is completed by a leather waist-belt 
containing a knife in a sheath. India-rubber gauntlets may be added, but 
in this country most divers work without them. 

The air-pipe is made of the best india-rubber hose with a core of either 
hardened steel wire, tinned to prevent rusting, or of brass or copper wire. 
The pipe may be made to lloat or sink by adjusting the weight of metaL It 
should be tested to a pressure of 200 or 300 lbs. per square inch. After 
being screwed up to the helmet, the pipe is led and secured under the diverts 
left arm, so as to be conveniently at his command, and thence it passes 
upward to the pump. A life-line of stout cord is fastened round the diver's 
body. Both life-line and air-pipe are jmid out together through the hands 
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geoeralty of a single attendant, though they are Bometiniea in cbarge of two 
men. The life-line also acta as n uoiu muni cat ion cord, acaording to a. code of 
preooncerted signals, but the most modern outfits are furuished with special 
speaking-tubes, or with telephonic apparatus, as also with an electric glow- 
light. 

The pump is usually double actiug, worked by a couple of men, with 
Mther single, double, or triple c)liudera, Hocordiug to the depth of water and 
the pressure required. It is furnished with a gauge indicating both these 
dat&. 

The qualities needed in a professional diver are not exceptional, but 
preference will naturally be given to men of nerve and intelligence. The 
first descent, no doubt, is always more or less a trying experience from ita 
very novelty. The sense of helpless confinement in the midst of a strange 
and artiKcial environment, a. feeling of oppression, and the increased pulsation 
all lend to render the initial trip below water (as the writer's experience went) 
somewhat uncomfortable, if not a source of trepidation. The disagreeable 
sensationa, however, pass away with acclimatisation and practice. Almost 
anybody in health may make a descent in perfect safety ; but for regular 
and continuous work under water, full-blooded men with short necks are 
not desirable subjects ; neither are those suffering from palpitation or from 
poor and languid circulation ; nor intemperate and generally unhealthy men. 
Diving is said to be good for the lungs owing to the compressed air affording 
au increased supply of oxygen and deepening the respiration. 

A diver of ordinary powers may descend to a depth of 100 feet with 
impunity, and may even reach 150 feet without ill effects; but deeper descents 
are not easily msde, and are rarely recorded. The greatest depth to which 
any diver Ims descended by authentic testimony is 210 feet, at which point 
the pressure on his body was 90 lbs. per square inch in excess of atmospheric 
pressure. Harbour work very seldom entails diving iu water exceeding 10 
fathoms in depth. 

The following table shows the pressures sustained over and above the 
ordinary atmospheric pressure at varying depths : — 

I Care should be taken i 
rapidly— more particularly in ascending. The rate of movement should uot 
be greater than 2 feet per second for depths less than 80 feeL 
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Tf*e f'Jlowiii;; KjuUtiuiii^ u«u*1]_t uimerrri a. ntcara to diren' voAiog 
liouns^f icejit, ijf courM^. iu lyu-vt of h U3i.:i[rtiri iiKTun or of ^iwml 
— aflfjri Kii ide* uf tLeir (aipabiliticA. A t<i;f> r>aiaH(u c^ f<nir boBB i 

lvi«'ir«:. Ht in kj]<>ve<] ii |(eri'>i of fifw*!! iuLf-» onrinc e 

Kud iiii'itti«r fifteen luiuutM at t)i« «tid ftr T^dmsmf. One or ■ 

per dkT DiiiT )>e worked vxordjuji to ilif' iM«dc iH tbt cue. 

Ttie luiiiiinum iiuinlfer of utiendiisu required for k BopW diver is I 
oLe for t)je ti^iikl line tiiid nir-pipe. urid *.vi' ii' waik liit jnutip. Fat fe 
an additiuuM] iiian i« n^juired Ut look kfur ibt Mcmd b. 
Putugien uiid Kit^niilineti uiav reliere one aaaiixer a,\ ihtar m^Metin d 

The foilowiii;^ DOleb <M the cftre of diriog afUfmnliat are cstnetcd I 
tnittructioiii! iwued tiy MeMsn .Siebe, iiorman s Co- is eoDDeetioB witb iWt 
friode. 

"After the- darn work is over ibe ur-pipe* ibcnild be diorvnizlilj dlU 
and the ^ti ui<:iiil jwnn orefully cleaued before beinp paekftd awsj. ~ 
dirine-dreiu hIiouM )je cleaned, and, if wet inside, mmed innk out and li 
up in the ahade U> drv ; the dretieefa, if used in Bftlt wtMT. sbonld fae i 
at leaiit once a week in clean fresh water. Tfae anderrknlung tfaanld a 
kept di7 and well it\rvi. 

" When in lif ^re, the pump and its fittings must be kept ekaa and AM 
froi/i Tenii^riii, and, if likely to )fe out of use for some time, it wboM fci 
ocuuioually oiici and the handles turned tvo or tliree timea, in oidv Id 
present the pist'jii k-athen jnrttiiig hard. If the pomp baa been IjinK bj br 
a couBideraiilc time, then it would be well to hare ii taken to pson bj a good 
fitter and exaiiiine<] to nee that it is in proper wcrking older. When a piBlaa 
rod works IrxjMr, the HcrewB at the top of the stuffinc-bax, in the oaao a' 
the duuhle-uctiiij; punip't, should be turned a little with a apanner. On^ 
good olive and neat'ii-foot oil uixcd should be used for lubricatii^. 

".Should the diviii;;-<lr'».s, from coniitaut use or accident, get kakj, it it 
euHily repaire'l by hiyiiiz two or three coats of india-rubber solution ob ncb 
Bide of the Meam, mlibiu:.' it with the linger as much as posaible and allovBC 
Giich coat to dry Ijeforc th'; next lis applie<l : the ndes of tfa« sewn maj tbs 
he laid down, and two or three coats applied in the same manner to tts 
channel of the seam, when the prejiared twill (which should bare an axtaa 
coat laid on and dricl i inar \ie immediately applied and well pressed down Iff 
the liand. Sui>erlluoiiij ^"lutioii tuay W removed with a [uece of india-rafabar, 
but it in letter to lay it on the yvtiter width eo as not to require cleaning o£ 
Divin^i-dresser, bhonld never Ik.- packed auay in a wet or damp state; Utay 
must Ifc thoroiiifhly i]ric-<], Wh inside and out, before so doing, otherwise 
they will mildew and liecoinc so rotten as to be of very little service after- 
wards. The following represents nn ciuiv and effii-ieiit mode of drying the 
divin;;-dreNs ; — Tak<; two pieces of wood each about 8 feet long, nail or screw 
them Uigether in the form of a St Andrew's crosn, place theui inside the dresti, 
and jjaiis another piece through the tirms to keep them distended ; the dress 
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can then be sefc in an upright position until it is dry. In case the diver 
urinates in the dress, it should be turned inside out, washed with clean water, 
and then allowed to drj. 

" Should the helmet have been lying by for some time, the valves must be 
unscrewed and examined to see that they are free from verdigris ; they may 
be slightly greased with tallow, and new springs should be fitted if necessary. 
All the screws of the helmet breastplate should be kept clean, and occasionally 
wiped with an oily rag." 



CHAPTER IV. 
PILING. 

Use of Framework in Maritime Stnictures— Association of Piling therewith — VarietieB — 
Bearing Piles— Sheeting Piles— Materials for Piles — Timber — Varieties — Oestnctibility 
and I^ervation — Metal — Concrete — Reinforced Concrete — Typical Systems — Pile- 
driving — Sustaining Power — Various Data. 

Structural Principles. — Maritime structures are, generally speaking, 
based on one or other of two distinct systems of construction. First, there is 
the compact, solid mass, capable of withstanding the attacks of the elements 
by means of sheer intrinsic inertia, and, secondly, there is the framework 
structure, composed of an association of members or parts, all slender in 
themselves, but so contrived and connected as to afford one another mutual 
support, and at the same time able to discharge special individual functicms. 

Typical of the former system is the breakwater, mole, or quay, built as a 
solid mound or mass of rubble, masonry, or concrete, or a combination of 
these, the ideal being a homogeneous monolith, without break or joints Tliis 
type is really an adaptation of nature's own system exemplified in rugged cliff 
and massive headland. 

The framework structure, on the other hand, is a strictly scientific design, 
utilising the minimum of material to the maximum advantage. It is baaed 
on the same theoretical considerations as those which govern the synthesis of 
all trusses, whether in the form of bridges, roofs, or other openwork. Its 
principal source of weakness lies in the jointing together of the various parts^ 
for under the violent alternations of impact and recoil, which are characteristic 
of marine forces, there is every disposition for the joints to become loosened 
through excessive vibration. There is, moreover, another disadvantage 
attending those structures which are composed of unprotected metal and 
timber, viz., their liability to corrosion and decay. Both these considerations 
militate greatly against the realisation of any great degree of durability and 
permanence, and render structures of the second class inferior in certain 
respects to those founded on the former system, while, at the same time, 
they obviously involve much greater expenditure in the way of maintenance 
and repair. 

There are, however, circumstances under which framework stnictures 

become inevitable, and many others where they are undoubtedly desirabla 
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Thus a solid pier inevitably deflects the course of a littoral current, thereby 
diverting navigable chatinelB into unknown directions, and bringing about 
phyaical results which it is not possible to forecast with any certainty. A 
oohunnar pier, on the other hand, ofters very trifling obstruction to current 
flow, and practically leaves the coastal n'^giine unaltered. On these grounds, 
it has been deemed politic, at Zeebrugge for instance, to construct in open- 
work the portion of a projecting mole which immediately adjoins the shore, 
while that portion which lies beyond the range of the littoral current, or 
which is not likely to offer any injurious opposition to the motion of the sea, 
IB built in the solid. 

Framework, as adapted to maritime situations, consists of two distinct parts : 
the supporting columns or piles and the superstnictural trussing. With the 
firat of these we propose to deal in this chapter. Ou the second it will be 
neceaaary to touch but lightly, as the principles upon which it is based are 
common to all branches of engineering work, and in no sense can it be con- 
aidered as a special feature of harbour engineering operations. 

Pillngf is the lerm applied to all cohmmar members driven vertically, or 
ne&rly so, into the ground to form a fouudatiuu for constructional purposes. 
It includes two varieties : first, sheeting' piles, which are employed to 
inclose or confine an area, and secondly, bearing piles, which act as isolated 
supports. 

Sfieeting pileg are often much wider than they are thick, and are set with 
tbeir edges in close contact, so as to form a continuous wall or partition. In 
order to achieve this result, they are driven in bays of moderate length, between 
leading or guide piles, to which horizontal walings are affixed. Bearing piles 
are more equilateral in cross section, and are driven quite separately, or in 
clusters. Sheeting piles are provided with a knife edge at their lower 
extremities ; bearing piles have either pointed or butt ends. 

The materials from which piles are made are estremely varied, and include 
timber, iron and steel, concrete and ferro-concrete. 

Timber pileK arc, perhaps, those which have been most extensively used 
up to the present time. They have been adapted to purposes both of a 
temporary and of a permanent nature. For the former class of work, they 
are still in universal demand, but for the latter class they are now only 
utilised when considerations of economy outweigh all others. For jetties and 
piers destined to wear and rough usage, the durability of material, composed 
of metal and mineral which is practically indestructible, gives it an enormous 
advantage over perishable fibre ; bnt for temporary work, such as gantry 
ita^ng, cofferdams and the like, the cheapness and adaptability of timber 
confer upon it qualities relatively superior. 

The character of the timber employed in harbour work depends upon the 
probable or estimated duration of its services. When utilised for permanent 
Btruotures, only the best, hardest, and soundest timbers are admissible. In 
other cases, softer and loss durable wood will suffice, provided it be kept 
under oonstaut supervision and renewed whenever necessary, ^^^ 
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So far as soundness and strength are concerned, there are few trees which 
are incapable of supplying logs and balks of a thoroughly satisfactory 
character. In harbour work, however, durability is the crucial consideration, 
and the conditions attaching to that qualification are much more exacting 
than those which goveru the choice of suitable timbers for constructiTe 
purposes elsewhere. The alternations of exposure to the atmosphere and 
submersion in the sea, due to tidal fluctuations, constitute in themselveB a 
most fertile source of decomposition, such as is not experienced in any other 
environment nor associated with any other branch of engineering. And, as 
if this were not sufficient, there is allied therewith a most pernicious and 
deadly subjection to the mechanical attacks of insectile ^ borers, which infeat 
the waters of most ports. 

In addition to the question of durability, however, there are the subsidiaty, 
but no less essential, considerations of available scantling, cost, and facility of 
supply, each of which demands the careful attention of the engineer. 

It is not proposed to enter into any lengthy dissertation of a botanical 
nature on the very great variety of trees which are available for engineering 
purposes ; it will be sufficient to confine our attention to details of a practical 
kind in connection with those comparatively few species which have obtained 
wide and general recognition in connection with maritime work. These may 
be enumerated briefly in three groups : — 

I. Qreenheart, Mora, and the Eucalypti. These woods are extremely 
durable and highly repellent of insects. 

II. Teak and Oak. These are also very durable, but subject to insect 
attack. 

III. Beech, Elm, and Pine. These are moderately durable, and they 
succumb easily to insects. 

By far the most important group to the harbour engineer is the first. To 
this we must pay greatest attention, leaving the other groups, though they 
comprise timbers of more extensive use, to be but briefly noticed. 

Greonheart (Nectandra Rodicei) is an American product, the tree being 
a native of Guiana and the adjacent states of the South American continent^ 
where it grows very abundantly in tracts lying within a hundred miles of the 
coast-line. It is a wood of extreme hardness and durability, with a very fine 
and compact, though uneven, grain. Its resistance to crushing is enormous, 
but it is very brittle and it splits under the least provocation. Before sawing^ 
logs have to be bound very tightly with chains and wedges on each side of 
the projected cut ; otherwise there is great danger of splitting, and a crack 
once started is prevented from extending with difficulty greater than that 
which characterises avoidance of the danger in the first instance. 

Grecnheart contains a poisonous oil, which renders necessary considerable 
circumspection on the part of carpenters and others engaged in dressing it. 

^ Objection may be taken to the use of this word in this conneotioii. It is difBonlt, 
however, to find an accurate generic name for these pests. The term insect is applied under 
license which is justitiable, since no confusion is likely to arise from its osi. 
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A splinter in the fleah almost invariably pmdiiceB blood-poiHoniDg, and the 
mereal scratch should be promptly sucked and wnshed in clenn water. 

The weight of greenhenrt ranges from 60 to 75 lbs, per ctibic foot, so 
that it baa practically no flotation. This characteristic TacilitateB its mani- 
pulation for piling purposes, as it sinks readily into position. It can be 
obtAined in balks from 12 to 24 inches square and up to 70 feet in length. 
It has an ultimate oompreasife strength, in short prisms, of 8 to 8J tona 
per square inch, aud a beam of unit dimensions, i.e. 1 inch square in section 
and 1 foot between supports, will fail at loads ranging from 950 to 1500 
lbs., centrally and concentratedly applied. 

The colour of greenheart ranges from green to almost black. 

Purpleheart is a wood of the same kind, from the same locality, with 
a difference only in colour, as indicated by the name. It is perhaps a little 
totigher and slightly more durable, but, on the other band, it is not so 
readily procurable. Balks can he obtained up to 30 inches square. 

Hor& {Mora exeeUa) is also a native of Cuiano, but is a light-red wood, 
with several diatinguishtng characteristics. It shares the strength and 
durability of greeniieart, while it differs from it in possessing great toughness 
and in lacking any disposition to split or splinter. It is rather lighter in 
weight, too, than greeuheart, weighing from 57 to 68 lbs. per cubic foot. 

The Eucalyptud fauiily is a numerous one, and indigenous to the Australian 

Jarrah (Euealyplue marginata) is a timber found in abundance in 
Western Australiu, and, from its resemblance to mahogany, it is sometimes 
called Australian mahogany. It m hard, heavy, and close-grained; very 
liable to warp and split. It is also beset with clefts tilled with resinous 
nmtter, which is sometimes found to be in a state of decay. The fibres also 
contain an auid having a pungent odour. The tree grows to a height of 
200 feet and more, but sound logs are limited to 40 or 45 feet in length and 
12 to 24 inches square. 

The weight of jarrnh is just about equal to that of an equal volume of 
water. It has little more tlian half the crushing strength of greenheart, and 
the ultimate transverse strength of a unit beam (1 inch square and I foot 
clear span) is between 500 and 850 lbs., concentrated at the centre. 

Karri (Kucalyptus divergieolor) is a hard, heavy, straight-grained wood, 
with some claims to toughness. It is somewhat strouger than jarrab, but 
leas durable in damp situations ; though when totally and continuously im- 
mersed, it is said to last well. 

The Blue Gum {Euealypim tjlohulm) and the Stringy Bark {Eaadyptm 
ablipia) arc two varieties of the same species, which have latterly come into 
oM and have demonstrated considerable merit for staging purposes iu con- 
nectiou with the improvement works at Dover Harbour. 

The former is so named from the characteristic glaucous blue tint of the 

young plant, though the colour of the mature wood is a golden yellow or 

k trees i,'row to an enormous height and girth, and I'uruish tough, 
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strong wood, extremely durable under favourable circumstances, and more 
particularly in dry and open situations. Piles, 100 feet to 120 feet long and 
20 inches square, have been obtained in Tasmania. Stringy bark, according 
to some authorities, weighs about 70 lbs. per cubic foot, and blue gum about 
77 lbs. ; others place the figures at 60 and 65 lbs. respectively. Some 
variation of weight in different specimens is, of course, inevitable. The 
transverse strength of unit beams (see p. 63) may be taken at anything 
from 450 to 850 lbs. 

It will be noted that all the timbers in this group have a very high 
specific gravity, and this property is found to be very useful in connection 
with driving piles in water of any depth. The lighter kinds of wood have 
necessarily to be weighted at the lower ends, in order to cause them to assume 
an upright position suitable for driving. 

As regards durability in marine situations, it cannot be claimed that any 
of the foregoing timbers are absolutely immune from the attacks of insects. 
On the contrary, there is distinct evidence that boring has occurred in each 
kind of wood, though it is apparent that there is no great attraction in these 
timbers when others are present in the neighbourhood. Greenheart appears 
to be least susceptible, possibly on account of the poisonous oil which it 
contains. At certain ports it exhibits no sign of any depredation whatever, 
but this may be due to the absence of the inimical agencies. Altogether as 
a class, the timbers are the least vulnerable of any which can be applied to 
marine work, and in many instances they have demonstrated extremely high 
resisting powers. 

The second group includes timbers which, though durable enough in 
themselves, are much more subject to insect attack. 

Teak {Tedona grandis) is a native of India, Burmah, Siam, and Java. 
It is a firm, durable wood, fine and straight in grain, and easily worked, 
though possessing a tendency to splinter. It contains an aromatic oil of a 
resinous nature, which, on exposure, coagulates to such a degree of hardness 
as to spoil the cutting edges of tools. The tree often attains a height of over 
100 feet and sometimes a girth of 10 feet. It is usually imported in logs 
from 25 to 40 feet long and from 10 to 20 inches square. The weight of teak 
varies from 41 to 52 lbs. per cubic foot, and the transverse strength of a 
unit beam lies between 600 and 700 lbs. 

Oak {QuerciLs) is found on both the European and American continents, 
as also — less commonly — elsewhere. The best is grown in Great Britain. The 
wood is firm, with a fine, straight grain, comparatively free from knots, and 
it is readily cleavable. Logs vary from 10 to 40 feet long and from 10 to 24 
inches square. The longer logs come from America. Oak is heavier than 
teak, weighing from 49 to 61 lbs. per cubic foot; but it is not quite so 
strong — about 50 to 100 lbs. less in ultimate transverse strength. Oak 
contains an acid which corrodes iron, and is therefore destructive of bolts 
and other fastenings. 

Both the above timbers are admittedly assailable by insects, but they 



offer greftter resistanoe and attain a higher degree of exeniption thau do 
members of the third and Inst group. 

Elm {f.^mu») and Beech (Fagus syleatiea) are two well-known timbers, 
to which the term durable ia otily applicable provided the oonditions be 
those of total immcniioti or coutiuiioiis drynees. The wei^'ht of elm is about 
35 lbs., aiid the weight of heech about 48 lbs, per cubic foot. As regards 
strength, beech has the superiority, being half aa strong again aa elm. The 
mean ultimate ti-ausverse load on a unit beam of elm is 400 lbs. ; that of 
bepch. 600 lbs. 

Pino and Fir iuclude a number of varieties of timber, some of which, 
such as pitchpine and Oregon pine, are highly aerviccable to the harbour 
eugineer for temporary staging and dams. Their durability under exposure 
to water is not very great, unless it be assisted by some treatment, as 
creOBOting, which also affords protection to a certain extent against iueects. 
These timbers must needs, however, be under coostant supervision and 
inspection, and it is certainly not desirable to sot them in positions difHouIt 
of nccesa nor to place too great confidence iu their capabilities of resistance. 

Pitchpine {Pintu riguia) is obtained from the southern states of North 
America. It is a highly resinous wood, reddish or reddish brown in colour. 
The resin in its pores renders it hard and difficult to work, but also increases 
its durability. The strength of pitchpine ia often reduced by the practice of 
"bleeding" the growing tree, that is, tapping it for the turpentine which it 
contains. Logs are obtainable from 10 to 18 iuches square and up to 60 or 
70 feet long. The commonest sizes for piling purposes are from 13 to 16 
inches square and from 40 to 50 feet long. 

Oregon Pine (Ahicg Douglagii) comes from the north-west of North 
America. It has a light reddish colour. It is obtainable in logs up to 20 
nod 24 inches squire and up to 100 feet in length. It is not so strong as 
pitchpine, but, allbrdtng larger sizes, is useful in certain situations. 

Destruction of Timber. — The utility and value of timber bemg so 
greatly affected by its liability to destruction and decay, it is necessary to 
consider the sources of deterioration and the posaibilitiea of their avoidance 
or cure. 

Inseetile ravages claim first attention, as they coustitute the most serious 
and pressing danger to which timber piles are exposed. Woods of the utmost 
durability in regard to chemical changes succumb only too rapidly from 
purely mechanical causes, 

Tereiio Navalw. — This animal, one of the most pertinacious assailants of 
marine timber structures, is a member of the family fhotailidat. It is fotmd in 
all British seits and, indeed, frequents the majority of the seaports of the world. 
It has a decided preference, however, for clear salt water, and deliberately 
avoids water which is muddy or sewage-polluted, or even fresh. The process 
of its depredations appears to be as follows. Its eggs, drifting in the water, 
kdhere to any exposed woodwork agauist wLich they happen to be washed by 
reffitai! t'tl ripe for hatching. On leaving its egg, ^ 
5 ^^1 
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Fio. 58.— 
Teredo Nava/is. 



young teredo attacks the wood in its immediate vicinity by boring or 
tunnelling into it, principally in the direction of the grain. The boring 
implements are two strong, sharp black teeth, which can be diaclosed for 
inspection by applying pressure at the back of the creature's head. The 
holes, or galleries, increase in size with the growth of the animal, and they 

are lined throughout with a chalky secretion forming a thin, 
hard, smooth shell. It is no uncommon experience to find 
holes ^ inch or f inch in diameter, and the teredo has been 
known to attain a length of as much as 2 feet, though the 
average length is not more than 7 or 8 inches. Its operaticms 
seem to be chiefly confined within the tidal range : that is, 
between highest high water mark and lowest low water mark ; 
but it also attacks timber at any moderate depth. At times 
it works with extreme rapidity. Some of the Memel fir piles 
of the old pierhead at Southend showed signs of the teredo 
within six months after completion, and in twelve mouths' time 
they were reported to be seriously injured. Fir and alder 
appear to furnish the most favoured fields for operation; oak 
and teak are less susceptible; greenheart and jarrah have a 
general reputation (not strictly maintaiuable) of being free from attack. 
Greenheart has been used for piles at the mouth of the Mersey without the 
slightest sign of deterioration of any part, even after the lapse of many years ; 
but at Bombay the same wood has been freely ravaged. 

The Pholas dactylus is another member of the PholadidoB family. On the 
whole, it evinces a more pronounced taste for mineral substances^ such as 
limestone and sandstone ; but it also turns its attention to woodwork, which 
it honeycombs by boring a number of holes very closely together. Compared 
with the teredo, however, it is of small importance, so far as timber, at any- 
rate, is concerned. The animal attains a length of 4 or 5 inches. 

Another boring tribe of similar habits and tendencies is the Xylophaga. 
Its members are small in size, and they do not line their excavations. 

The Chelura terebrans (Amphipoda) is a small crustacean resembling a 
minute shrimp, both in shape and colour. It is very small (fig. 59), not 
more than J inch in length. In 
addition to feet, it is provided with 
a pair of limbs, near the tail, which 
it employs in leaping. The chelura 
destroys wood by cutting or tearing 
it away in thin flakes, working in- 
wards from the exposed surface. It 
manifests a decided partiality for 
pure, clear sea-water, and is con- 
sequently more often found along 
the open coast than in inclosed basins and harbours. 

The Limnoria terebrans {Asellidce) is another lilliputian, whose length 





Fig. 69.— 
Chelura Terebrans, 



Via. 60.— 
Limnoria Ter^nm$ 



teldoin reaches to more than J inch. Iii appeara,iicc it is not unlike a grain 
of nc«. It is mainly trouMeaome on account of the vast numbers in which 
it infests certain localities, and, as it is indifferent to the foulueaa or otherwise 
of the water, no harlwur precincts can be considered free from its presence. 
The limnorim are active mainly about and beiow high water of neap tides, 
depredations proceeding rapidly until the whole of tlie timber-work is eaten 
•way. I^rge balks of unprotected fir have been completely destroyed in 
three years, and even creosoted timber has perished within a decade. 

The Tanai vitaiis belongs also to the Atellidas family. It preys upon 
▼egeiable fibre with powerful claws, rending it to pieces. The length is 

The attacks of the white ant (Terini'g) in tropical countries do not call for 
Idetailed mention. Tliey are not particularly associated with maritime situa- 
tions, and submerged timbers are, of course, not affected in any way. 

Decay of TiinbeP.— Apart from the mechanical destruction of timber, 

there is the question of natural decay, which is due to one or other of two 

distinct forms of decomposition, known respectively as dry and met r-it. The 

Sortaer, which is a process of fibrons disintegration, accompanied by the growth 

if a parasitic fungus, is attributable to, and certainly accelerated by, the 

ibsence of adequate ventiiation. The woodwork attacked is mostly that 

rhich is situated in confined and stuffy places, to which air has insufBcient 

■conditions not generally allied with harbour work. 

Wet rot, on the other hand, has a mnch more general and appropriate 

«ODnection. It is the most charaoteriatio disease, iu fact, to which marine 

timbera are liable. It arises from, and is promoted by, frequent alternations 

tH dryness and moisture, and these conditions are obviously prevalent along 

the water's edge. Every time a log becomes immersed and dries again, a 

portion of the fibre is converted into soluble matter, which, in due 

jurse, is abstracted and lost. Furthermore, the contiuual evaporation of 

loisture from the pores of the wood results in putrefaction, the prepress of 

bich, oDce commenced, is often rapid. 

Wet rot will attack indifferently any part or substance of a log, whether 
, be heartvrood or sapwood ; whereas dry rot is generally to be found in the 
ktter only. The disease, moreover, is contagious, and alfects adjacent timbers 
which may not in themselves be exposed to the same predisposing causes. 

Preservation of Timber. — Having enumorated and described the 
inimical agencies, we come now to the means used to combat them. Ex- 
pedients, as diverse as they are multitudinouH, have been tried from time to 
with a view to increa.'^ing the durability of timber, t>oth as regards 
irving it from internal decay and protecting it from esLtertial attack. 
The commonest preservative for structural work is paint. Applied to 
seasoned timber completely deprived of free sap, the method is one of the 
most efficacious whicli can be devised ; but it calls fur frequent and regular 
renewal, and this, in the case of sulimerged work, is an instirmountable 
ifaetacle to its adoption. Moreover, sea-wator tends to soften paint, and th« 
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chafing of floating objcct» against the surface of the wood aooo weare away 
itN protective coating. The same objections apply to other substancea, such 
an tar^ verdigris^ and paraffin, which have either been used or proposed as a 
su^mtitutc for paint. 

The \}e»t and only really effective agency for increasing the longevity of 
timber-work in contact with moisture is the process known as CPBOSOtiny. 
It fk\m acts as a deterrent to sea- worms, though not to the extent of rendering 
the wood invulnerable. The process consists in coagulating the alburnum in 
the pores of the log, so that the latter become filled with an antiseptic, 
HttiminouH sulwtance, which excludes air and moisture, repels the lower forms 
of vegetable and animal life, and prevents putrefaction and rot. 

Cr6080t6 is an oily liquid contained in the second distillation of tar, 
from which the ammonia has been expelled. Its composition is somewhat 
variable ; but in order to be effective, it should contain over 40 per cent, of 
naphthalene, aliout 4 or 5 per cent, of carbolic acid, and as little pitch as 
IHiMtible. It is essential to the efficacy of the treatment that, as a preliminary, 
all moisture bo al^stracted from the interior of the timber. 

8oft woods, such as fir and pine, may be simply immersed, direct from the 
drying-house and while still warm, in an o|)en tank of hot creosote. Logs 
trcaterl in this way will absorb from 8 to 9 lbs. of creosote per cubic foot^ and 
this quantity is generally sufficient for inland purposes. 

For marine work, however, and especially for piles and the timber-work of 
jetties, impregnation to the extent of 10 or 12 lbs. per cubic foot is requisite. 
In order to achieve this result, the timber, after being dried, is placed in a 
vacuum. Creosote, at a temperature of about 1 20** Fahrenheit^ is then intro- 
duced into the containing cylinder, under a pressure of about 175 lbs. per 
8(|uare inch. By this means, with suitable woods, the amount of creosote 
absorbed may reach a maximum of 16 lbs. per cubic foot. 

Hard, compact woods, such as oak, do not, under any degree of pressure^ 
absorb more than 3 lbs. of creosote per cubic foot ; but in their case this is 
found to be sufficient. 

Jiounherie^s process consists in impregnating timber with a solution of 
sulphate of copper (1 per cent, by weight) in water. The usual course of 
procedure is to cap one end of a log in a water-tight manner and then to allow 
the liquid to |>enotrate the pores from the other end, so displacing the sap, 
under a head of 30 or 40 feet, which produces a pressure of 15 to 20 lbs. per 
square inch. The extent to which penetration takes place can be tested by 
means of prussiatu of potash : whenever this substance comes in contact with 
sulphate of copixir, a brown stain is left. 

Timber is kyailised by immersing it in a saturated solution of corrosive 
sublimate (perchloride of mercury) contained in a wooden tank. The strength 
of the solution varies from § to 1 per cent, by weight, according to the 
porosity of the timber. 

Burnettisingf is the term applied to a process of treatment with a sola* 
♦s*^ of chloride of zinc, containing 2J per cent, by weight of the ohl<mde« 



Ordiiiarj- iDimersioii will gufficc, btit the impregnation is expedited by v 
pressure. 

None of the last thi'eo niechaila has jirovcd no rA*\Ml/' 

effective, or come into such general use, iis creoBotiug. J I 

In fact, it ia doubtful wlietber any of them ia of the j^ 

least benefit in wardiug oft' ioseotile attack, and this, in tL/vT/U^ 

[n&rjtime eitimtiuns, is an object no less important than 
the preservation of timber from decay. 

The only apparently completely siicceaMfiil way in 
vbich timber may be guarded in this respect is by 
means of some eitemal covering excluding the wood 
from actual exposure. 

Shesthuig' is a protective device which consists iu 
enveloping a pile in a covering of nietat, earthenware, or 
other material impenetrable by inaecls. A thin covering 
of copper plates has proved satisfactory in repelling 
worms from piles, when the covering has extended from 
below the mud level to above high watermark ; other- 
wise the insecta intrude themxelveH between the metal 
and the wood. The method ia obviously an expensive 
one, and therefore not likely to commend itself for 
general ailoptiou. Zinc has been tried us a substitute 
for copper, but it ia soon corroded by sea water. Muntz 
metal is another substitute, but its itpplication has 
been too limited for definite judgment of its powers. 
Studding with broad-headed scupper nails is an old 
expedient, the principal drawback of which is its 
trouhlesomenesa, and, of course, its expense. 

Earthenware pipes, such as ordinary drain-pipen, and 
cylindrical casings of wire netting bedded in concrete, 
are efficient preservatives of piles in situations free from 
shocks, collisions, and eroaion. The space between the 
pipe and the pile must be filled in with sand or cement 
grout. A simple coating of Portland cement has been 
tried, but the Him is t«o thin and easily cracked. Lately, 
a system of facing wooden piles with reinforced concrete 
slabs has been promoted by Mr Cooper Poote, tlie harbour 
engineer of Southampton. Tlie slabs are primarily in- 
tended for npfilicatioii to piles which are in such a 
state of dilapidation as to call for renewal or repair. 
At each comer of the pile a small angle iron is spiked 
OH to the timber so m to form a guide for the slabs. 
Theae last are connected np and allowed to sink into 
the mud until they take a beariug, wlien the inclosed 
space is filled with concrete. The system, however, is 
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^plicable alft> to pilet which mra whole mud perfect, as a preservative. On 
the Fadfie eoast a wr^>puig of jate huri^ in eombinatioD with a preparation 
of paraffin, pow«)eied hmestooe, and kaoltn, is reported to have achieved 
sQeoesBful resolta. 

From the fbcegotng details, it is obvious that the use of timber piles, 
though convenient, is attended bj a number of senoos disadvantages. There 
can never be an v complete sense of secoritj in reference to the part they play 
in permanent structures, and the increasing scarcity of logs of a suitable 
sise, together with the difficaltv of obtaining them at a moderate cost, has led 
to the introduction of piles composed of metal entirely or of metal and con- 
crete combined. 

Metal pUes.— Metal piles are ordinarily either of wrought iron or steel 
The pointed or driving end is frequently cast, but, generally speaking, cast 
iron is of too brittle a nature for use in the shank of a pile, unless special 
precautious be taken in driving, or the ordinvy method of impulsion by a 
falling weight be replaced by some other system. Thus, with screw ends, 
cast iron tubes or pipes are often used instead of timber logs (which are 
equally available^ the means of forcing into the ground being rotation round 
the vertical axis. This constitutes, however, a method of treatment so distinct 
and exceptional that it may be regarded as not affecting the general question. 
For the sake of dismissing it from further consideration,, it is convenient 
to introduce here a few explanatory words concerning the system of screw 
piles. The screw end consists of a broad blade, forming, in most cases, little 
moro than a single turn or a turn and a quarter. It has the property, 

therefore, of furnishing a base of 
much greater area than that 
afforded by the ordinary pile, and 
on this account is useful for 
fouudation work in compressible 
strata, whero it is desirable to 
spread the load over as large an 

Fio. 62. -Screw Pile Bases. *«» ^ possible. Moreover, there 

is an absence of vibration in the 
process of driving, which is a distinct advantage. The piles aro driven by 
means of a capstan head or a drum of large diameter temporarily bolted on 
to the shank, and raised from time to time as the rate of driving requires. 
In the former case, capstan or lever bars are used ; in the latter, a winch, 
to which is led a wire rope wound round the drum, supplies the motive 
power. In primitive and isolated cases, animal labour has been utilised. 

Steel or wrougfht iron piles partake of all the recognised forms 
emanating from manufacturers' rolling-mills. Channel and joist sections are 
most common. Such piles, though available for solitary positions, are moro 
generally found in close association, as sheet piling. When this is the case, a 
certain, and by no means negligible, amount of mutual interdependence and 
( ' 's afforded by binding intimately together the adjacent edges of the 





piles. This can be done by forming a series of g:rooves with the aid of rivetted 
coniiectious, aa exemplified in the figures shown, which represent tTpioal 
sectiona patented by the Friestedt Co. of Chicago, U.S.A. 

The interlocking anungeraent is eitreniely useful in forming a water-tight 
inclosure for dams. Hydraulic pressure against the outer face will generally 
prevent the passage of water, but where any leakiige manifests itself, it can 
easily be checked by sprinkling ashes, sawdust, or any light material of & 
similar kind, upon the outer surface, whence it will be sucked into the defective 
joint. 

The driving of these piles is effected in the ordinary way by means of a. 
falling ram; only, it ie necessary to interpose a wooden "dolly" — a 8- or 8- 
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foot length of greenheart timber — between the cap of the pile and the under- 
ude of the ram. The cap of the pile is a removable block or plate of cust 
sfcee], several inches thick, temporarily secured in position with the aid of 
bolts and removed after the operation of driving is finished. 

Metal piles, though indestructible by insects, are subject to corrosion, with 
results equally disastrous in the long-run. The effects of oiidisatiuu are most 
to be dreaded in the esse of the outatauding piles of piers and jetties. Ail 
ironwork immeraed in lialt water, and especially when alternately wet and dry, 
undergoes chemical changes subversive of its strength and durability. Hence 
the manifest necessity of providing it with some protection akin to that which 
is accorded to timber piling. 

Of the methods in vc^ue for the prevention of corrosion in iron or steel, 
two stand out in greutest promiueiice — painting and galvanising. The former 
of these ia only of the nature of a temporary perservative, and has to bo re- 
applied at regular and frequent intervals; the latter cannot t>e renewed in 
the case of in ci7m structures, and, though the initial treatment is undL-rstood 
to be more effective than paintinj;, yet the enviruument of the seueoast is 
extremely detrimental to its efficacy. 
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The coatiDgs applied to ironwork under the head of paint comprise those 
which are composed of red lead and those which have oxide of iron for their 
base. The latter of these has been advocated on the ground that it removes 
the tendency to galvanic action produced bj two diverse metal substances in 
contact with one another in the presence of moisture. Other coatings are 
mineral or vegetable tar, black varnish, siderosthen, and various bituminous 
solutions. It is obvious that only the surfaces of piles which lie above the 
water level can be treated with these applications after erection. 

For cast ironwork, and especially for cast iron pipes, no better preservative 
could be devised than the Angus-Smith treatment, which consists in dipping 
the pipes while hot into a liquid mixture of coal-tar, pitch, linseed oil, and 
resin. 

Iron and steel are galvanised by dipping them into a bath of molten zinc 
so that a veneer of the latter metal covers them completely. To effect this 
treatment properly, the surface of the metal treated must be absolutely 
clean and free from scale and grease. The process is effective against 
ordinary atmospheric influences, provided the zinc covering be maintained 
intact. If a crack or perforation occurs, corrosion sets in and proceeds 
rapidly. Against sea air and water, galvanising does not afford much 
protection. 

It is obviously no simple matter, therefore, to find a satisfactory and 
reliable method for insuring the permanence of iron and steelwork in mari- 
time situations, and particularly in the case of piling, where the work is so 
difficult of access. The desired result, however, has been achieved by the 
ingenious expedient of enveloping the metal in concrete, and this brings us 
to the system of combined steel and concrete which now generally goes by 
the name of reinforced concrete. 

Reinforced concrete consists essentially of a core or internal network 
of metal, completely embedded in concrete, so that no part of the metal is 
exposed to, or in contact with, any external atmospheric or aqueous 
influences. As applied to piling, the system has many and important ad- 
vantages. Reinforced concrete piles are not subject to oxidisation, de- 
composition, or decay. Experience has demonstrated that steel bedded in 
Portland cement concrete does not rust even when immersed in water, and 
that a rusty bar so treated manifests no increase in corrosion. Moreover, 
reinforced concrete piles do not offer the least incentive or attraction to 
sea-worms or insects ; they are fireproof as well as waterproof ; their dura- 
bility is beyond question ; they cost less than long greenheart piles, and 
little, if anything, more than creosoted pitchpine ; they can be jointed, and 
lengthened or shortened at will ; and, finally, their compressive strength and 
supporting power is very great. 

Reinforced concrete piles vary considerably in design, according to the 
individual ideas of numerous inventors. It will only be necessary, however, 
to refer to a few of the better known examples, which are distinctly 
applicable to harbour work. The circumstances of foundation piles for 



tnland structuree and for piers and jetties are by no meant) idciiLical. It 
Oannot fail to be evident that a pile driven uholly into the ground, as iu the 
former case, does not need to posaeas the same lateral stiffiieae vthicli must 

intially appertiiin to a pile only partially buried, and eubject, moreover, 
to the incidence of forcible impact throughout a very conaiJenible part of 
ite length. 

Thus, for laiidwork, concrete pilea may Iw formed by simply drilling or 
boring a hole within an iron shell or tube, and filling the latter with concrete, 
the shell in many cnaes being withdrawn as the work proceeds. This method, 
course, ia quite inapplicable to piling iu wiiter. 

The Hennebique bearing' pile (Hg 66) contains u series of long, round 
bars, generally from four to eight in number, set parallel to, and arranged 

Bymmetrically around, the longitudinal axis of the pile, 

These bars are connected together anil maintained iu 
position by bonds, or ties, of iron uire and distance 
pieces. The bars vary from 1 inch to 1| inches in 
diameter, and the wire ia usually ^g inch thick. The 
distance pieces, which are about J inch in diameter, with 
forked ends, are set at a normal distance of 10 inches 
•part, but at and near the top of the pile the distance 
is reduced to 2 inches, The toe of the pile is a pyramidal 
block of cast iron, into which wrought iron straps have 
beeti inserted. The upper ends of the straps are bent 
iawarda towards the centre of the pile. The longitudinal 
rods of the pile are continued as far as the casting, being 
eftpcted to the required splay. 

The Hennebique sheeting pile ia made on the 

Bkme linea as the bearing pile. There are three rows of 
ilongitudinal rods, arranged in pairs, and connected, aa 
liefore, at 10-incfa intervals with iron bands or clips, 
the ends of sheet piles are wedge-shaped, with a down- 
ward splay towards one side. This is e.-itremely useful, 
Quring the driving process, in keeping a pile in con< 
inuoua contact with its neighbour, towards which the 
esultant pressure on the splayed edge cauaes it to be 

To complete the connection, piles are moulded with cylindrical 
] in each of their aides, one of which poaaessea a short spur or pro- 
ection, capable of engaging in the groove of an adjoiuing pile. When two 
consecutive piles have been driven, their oombiued grooves form a cylinder 
lirhich, after being cleansed by forcing water through it under pressure, ia 
grouted with cement 

A alight variant on the Hennebique pile is the MoUChel hoIlOW pile 
g, 67). It has the longitudinal rods, wire ties, and distance pieces of the 
former, but, with the object of saving material and reducing weight, it is 
concreted with a core, which, being withdrawn, leaves the pile hollow. Dia- 




Hennetiiquu Pile. 
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phragmB at iiitervab strengthen the uoncnte work. The Mouohel pile is 
light and easy to handle. The reduotiou in strength b snch u to be 
practioall; inappreciable, and does not affect the utility of the pile. 






FiGB. 87,— Mouchel Hollow Pile, 



Fios. 68. — Johiutoii Pile. 



The Johnston pile (fig- 68) differs from the preceding in that the longi- 
tudinal rods are replaced by angle bars at the comers of the pile. These 
are bound together by flat bands and coiled steel wire. 

The ChenoWdth pile (fig- 69) is constructed on totally different lines. 
A sheet of iron mesh is beut round a longitudinal axis in the form of a 
continuous spiral, forming a cylinder which is surrounded and filled with 
concrete. 

The WiUlams pile (fig. 70) consists of a central rolled steel joist sur- 
rounded at intervals by steel wire hoops and having cambered longitudinal 
stiffen era. 

MouldingT- — Keinforced concrete piles may be moulded either Tertioall; 
or horizon til I ly. For the former method, it is claimed thnt it results in greater 
uniformity in density throughout any horizontal layer, while the latter method 
is characterised by greater convenience. The advantage gained by vertical 
moulding is of questionable validity — there is no reason why horizontally 
moulded piles should not be absolutely homogeneous — and, in any case, it 
cannot be said to compensate for the greater trouble of moulding in that 
way and the higher cost involved. 

In korhmtcU vioulding a box is formed of the dimensions of the [ale, but 



witbout a top — that aide beiug reckoued the top which comes uppermost 
when the box ia laid flat on the grotiiid. The aides of the mould are well 
soaped or oiled to prevent adhoaioii ; then a layer of concrete is deposited in 
the bottom to the entent of the outermost covering of the metut : that is to 







VlOB. es. -Clienoweth Pile. 



FiOB. 70.— Willis 



iPile. 



, I or 2 inches, as the case may he. This is very carefully rammed and 
consolidated before the metal framework is laid upon it. The latter operation 
requires great care. The framework must be set perfectly true to the axis of 
the pile, and the shoe, with its bevelled aides, must be accurately adjusted 
and brought into close contact with the ends of the frame. The box is then 
carefully filled with concrete in a series of thin layers, deposited without a 
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break, each layer being well punued and the concrete pressed into all comers, 
angles, and recesses. The top, or fourth side of the pile, is formed by striking 
the edges of the box with a straight-edge, so that the concrete just comes 
flush with them. The pile is left for a week in the mould, then the mould 
is removed and the pile allowed to harden, either in water or while constantly 
wetted. A month or six weeks elapses before the pile is ready for driving. 

To facilitate lifting, a bolt hole is cast near the top of the pile. The bolt 
and a shackle enable the pile to be swung easily into position. The green 
pile, however, is not handled in this way, but by means of chain slings 
passing round the pile, the sides of which are protected by deals at the points 
of contact. 

For vertical moulding, the box is set upright and the metal framework 
first placed in position with the shoe downwards. Concrete is then filled in 
to the mould and around the metal, as carefully as in the previous case. The 
pile is built up in a series of layers from 4 to 6 inches in depth, the fourth 
side of each layer being formed by a batten fixed across the open face by 
fitting into grooves or being otherwise secured to the box, the whole height 
being treated in this way. The remaining operations are as before. 

The materials used for reinforced concrete piles must be the best of their 
respective kinds. The concrete particularly calls for special attention. The 
proportions used lie between one part of Portland cement to four or five parts 
of aggregate, the latter compounded of gravel and sand in the ratio of 2 : 1. 
In one system (the Williams') the aggregate consists of clean shingle, which 
will pass through a j-inch gauge but not through a ^-inch gauge, mixed with 
half its volume of sand. In Hennebique work the gravel is also sifted through 
two sieves. The first has apertures 1 inch square ; the other has four un- 
crossed meshes per linear inch. The residue from the first sieve is thrown 
against the second, and equal parts taken of that which passes through the 
second sieve and that which fails to do so. After the pile has been removed 
from the mould, it is well to give it a coat of pure cement wash. This closes 
the outermost pores and renders the pile more highly impervious. The non- 
porosity of a reinforced concrete pile is obviously essential to its durability. 
It is only by the complete exclusion of moisture from the embedded steelwork 
that the latter can be maintained in a serviceable condition. 

Pile-drivingf. — Piles are forced into the ground, or driven, by means of 
piling machines, which are actuated by hand or steam power. The exceptional 
use of the screw pile has already been noticed (p. 70). The impelling force 
is commonly a heavy weight or ram, which is allowed to fall within vertical 
guides from any desirable height. In the hand or ringing machine, the 
weight rarely exceeds one-third of a ton, and the fall, 4 feet. In other 
appliances the weight and fall range from 15 cwts. and 10 feet to 3 tons and 
4 feet respectively. A heavy weight and a low fall are preferable to a light 
weight and a considerable fall, owing to the greater oscillation resulting from 
the latter arrangement and the consequent jar in the delivery of the blow, 
which thus tends to injure and split the pile. lu concrete piles the absence of 



vibntion is of primBry importauoe. Ind>.-ed, such ia the cure which has to 
be exercised to prevent rupture, that the pile heail is capped in a vory 
elaborate miinner. A cast stee! helmet corupktuly euvelops the head, its 
interior beiiig filled with sawdust and sacking. Between the iielmet and the 
rani of the pile-driver is also interposed a woodeu dolly, so that a very con- 
siderable proportion of the momentuni of the blow is absorbed before it 
reaches the pile. 

A niuch mure efficient implement, where oonditions admit of i(« employ- 
ment, is the steam hammer. Iltows can be delivered with greater rapidity 
■and effect. Timber piiea driven by au ordinary weight machine to the utmost 
Oipnbility of the ram have ruaponded readily to the steam hammer and have 
been forced to a ootisiderably increased depth. Steam hammers are of two 
t^fpea. In the first, the pi^iton is maintained in constant contact with the 
pile bead, while the blow is administered by means of a heavy cast-iron 
oytinder, moTJng up and down under steam pressure. An average cylinder 
will weigh a ton and its stroke will be 3 feet. I n the second type the cylinder 
is affixed lo the head of the pile and the hammer is attached to the piston. 
The disadvantage attaching to macliiues of the steam hammer type is the 
leakage of moisture fium the cylinder, which softi-ns the bead of the pile 
under impact, and reduces it to a pulpy state. This necessitates cutting and 
dresung a fresh head, otherwise the power of prmiucing penetration is much 
impaired. 

tn driving through sand and sandy gravel, very exoellont aasistauce has 
been derived from tlie use of the water-jet. A pipe led down tlie side of the 
pile to be driven, transmits water under pressure to the j^romid in advance of 
tite pile, and maintains the former in a state of fluidity nntil the required depth 
has been obtained. Immediately after the withdrawal of the pipe, the sand 
consolidates iirnily round the pile and there ia no further tendency to sinkage 
even under load. Piles treated in this manner rarely have pointed eiids, as 
a butt end affords greater bearing area without appreciably increasing the 
difficulty of driving. Indeed, the perpendicularity of a butt-ended pile is 
more easily maintained. 

The limit of driving varies so strikingly according to local requirements 
that no precise figure can be assigned to it. Obviously, a pile miiy support 
a light load with ease where a heavier one would cause sinkage. With a ram 
of one ton weight falling through 10 feet, the pile may justifiably be considered 
adequately driven when eight or ten blows fail to produce a depreaaion of 
more than \ of an inch. This will indicate the attainment of thoroughly 
firm ground, and any further attempts at driving will only tend to shatter the 
pile. Pile-ends become " broomed " or splintered nndur an excessive amount 
of impact. Apparently easy driving, after a check, may be due to this canse, 
and there is no means of ascertaining the fact oicept by witlidrawing the pile. 
Sustainlngr Power. — ^Piles, if completely embedded and driven to the 
limits stated above, may be hisded safely to the extent of half a ton per 
■quare inch of tlie area of the pile section. Those in soft, muddy ground, 
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sinking freely, say I iaoh per blow, at the eod of driviog openitionB should 
not b« loaded with more than a tenth of a ton per square inch, and even 
then some alight settlement may be anticipated.' 

IlluatratiTe of the firet ciaea, the following instances may b« cited of piles 
driven to refusal in varions situations at the port of Liverpool : — 



Nstureofauper- 

rtracture. 


Seetiunal 
of Pile. 


Area of Pile. 1 of rht. 

1 


TotJLoftd 
onPilB. 


Lo«Mlper 
». incK of 
nieAie*. 


Quay Cargo Shed 
Bivemd'e W.rehonss '. 


12" dU. 
]6"xl5" 
12" X 12" 
14"xl4" 


sq. ina. ' 
lis 140' to 50' 
225 40' to 45' 
144 40- to 45' 
198 40- to 46' 


owta 
166S 
2269 
1170 
2177 


13-88 
10-20 
8 12 
11 11 



At the port of New York, the conditions in many instances are such as 
to be typical of the second class. Along the North Eiver, for example, where 




Fio. 71.— Piled Foundation to New York Quay. 

most of the transatlantic liners are berthed, a firm stratum cannot be reached 
fay piles 80 feet long. Such piles, therefore, are dependent on the friction of 

I ■*%]■ fignra ralateg to pilM of ordinary size, aay 12 inches square in erow wction. As a 
** ■ ■' -■ wer dependi upon the surface esposad to Griction, and tbeiB- 

perimaUr of the pile. 



mud agiuDBl their sides to support both theniaelvea and the load the; carry. 

tAud although, under circumstances oF this kind, great sustaining power could 
bardly be expected, it is recorded that loads equivalent to 40 tons per pile 
bave been safely carried. This figure, inileed, is very much in exoess of the 
limit previously specified. At one-tenth of a ton per square inch a circular 
pile, 18 inches diameter in the butt (such aa ia commonly used at New York), 
woidd only support '24 tons and a 23-inch pile not more than 36 tons. 
Mr J, A. liensel, engineer-in-chief of the Department of Docks and Ferries 
at New York, has carried out some experiments on the limiting capibilitiea of 
the piles employed there.' A platform was built near the foot of Seventeenth 
Street, North Eiver, and the piles to be tested, ail about 80 feet long, were 
, driven in four gronps within the area of the platform, aud arranged as 




fm. 73.— Plan of Piled PUtform oftjuaj' Wall, New York Harbour. 

I follows: — Group I., plain, unlagged piles. Group II., piles lagged with four 
L pieces of 5-incb by 6-inch lumber, 30 feet long. Group III., piles lagged 
I Oroup II., but arranged in pairs, so as to obtain the effect of greater 
I proximity, the piles in ench pair bein;; spaced 2 feet S inches apart. Group 
T IV,, piles lagged with two pieces of 5-iuch by 6-inch lumber, and two pieces 
I of 4-iuch by lO-iuch lumber, in lengths of 30 feet, this with the object of 
I obtaining results for a different style of lagging. 

The testing plutforms were loaded with granite and coucrete blocks 
Lwghteeu days after the last pile had been driven, thus affording the mud an 
(Opportunity of consolidating round the piles, A boring, taken at the site of 
■ tbe platform, indicated mud of uniform character to a depth ol 100 feet below 
mean low water-line. The consistency of the mud at the top was such as to 
idmit of the piles sinking by their own weight through 10 or 15 feet when 
towered gradually; a little further down the mud attained the consistency 
an Dwk Work in Naw York Harbour, ['roc. liU. Bug. Cong. SI Louis. 1904. 
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of wet modelling clay. The depth of water was 22 feet below mean low water 
level, and the piles were driven by a hammer weighing about 3000 Ifaa., having 
a uniform efTective fall of about 8 feet. 

The experiments were spread over a period of fifty-four days, when they 
came to an abrupt oonolusion owing to the failure of the platfonu under the 
wash occasioned by the passage of a Bteamship. The last oheervations taken 
showed the maxiiuum settlement of any test jule to be about 3^ inches, and 
that the settlement of the working platform in its vicinity was 1} inches. It 
is to be noted that this latter settlement took place under no load beyond the 
weight of the piles and the timber upon them, and that, therefore, the 
maximum settlement under load of any test pile was practically only I j iachea. 
A settlement of this amoimt appears to be not uncommon in local piers formed 
of similar piles, even before the structure is finished, or has received any other 
load than its own weight. 

Mr Bensel, from various considerations indicated in his report, concludes 
that the ultimate bearing power in the unlagged piles of Group I. might be 
taken at 20 tons per pile, and that in the remaining gruups of lagged piles the 
ultimate bearing jiowers would bo 30, 20 and 30 tons respectively, per pile. 

The following table shows details of the observations made during the 
experiments. The tons are given in American units of 2000 lbs. Roughly, 
their equivalent value in English units of 2240 lbs. may be arrived at by 
deducting one-tenth. This raodilicatioii applies also to the figures quoted in 
the preceding paragraph. 

PiLR Tests at New Yobk Hardovb. 
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The following dnta ' relating to piles driven at Portsmouth Dock Yon 
exteusion constitute a typical record of ordinary experience in driving piles into 
very firm ground. The ground consisted of a I'egularly stratified, argillaceoua 
aand, contaiuing perhaps half its bulk of pure clay. The beds were fine, some o 
them not being half an inch thick, wholly inipervions to water across the strati 
fication, and very slightly, if at all, pervious in the direction of strati fi cation. 

All the piles were of fir 17 feet 4 inches long and 13g inches square. Sii 
of them were driven by hand by five men with a monkey weighing 15 cwts. 
and six by steam with a monkey weighing 22 cwts. The maiiinum fall in 
the first case was 31f feet, and in the second case Uj feet. 
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FormulsB profeaaing to give the exact anstaining power of piles are 
DumerouB, radically different in form, and conflicting in results. They are to 
be found in all engineering pocket-books, and little advantage would be 
derived from quotiug them here. Some are extremely complex, embodying 
elements which have little or nothing to do with the capabilities of a pile to 
sustain an imposed load. When all has Ijeen said, it must be evident that 
the true test of suatainiiig power is the resistance offered to the final blow 
The length, weight, and modulus of elasticity of the pile, are factors possessing 
no practical value, and a simple formula, linking up the weight of the ran 
and its fall with the resulting depression, should give all that is required 
Major Saunders's formula is certainly based on these lines, but, unfortunately 
it does not adapt itself to all caaes. Thus, with a depression of -^ inch under 
tbe last blow of a 2000-lba. ram falliug 9 feet, the safe load becomes 270,000 
lbs. To sustain such a load, a pile, in the author's estimation, should be not 
lees than 15J inches square, and, by Rankine's rule, 16J inches. Any pile 
therefore, of less dimensions would be incapable of supporting so heavy a loat 
vith reasonable regard to safety, whereas, as a matter of fact, many 11- anc 
12-inch piles have been driven to comply with the standard stated in the 
formula. The values given by the formulre of other authorities for similar 
eonditions are as follows:— Haswell, 30.000 to 60,000 lbs. ; Weisbach, 26,800 
to 28,000 lbs. ; Wellington, 32,727 lbs. ; Trautwine, 32,460 to 97,380 Iba. 
^^^^^^^^^iJgK, Froc. In*t., C.E., vol. iliv. p. 804. 
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the range in each case being due to the limita in the coefficient or factor of 
safety, which must always remain a matter of conjecture and arbitrary 
selection. The multiples, in fact, lie anywhere between | and -^. 

Another and no less essential point to be noted is that the values obtained 
by these formulsB relate solely to loads imposed upon piles which are com- 
pletely embedded in the ground. In so far, therefore, as a pile acts merely 
as a foundation for a pier column, the foregoing estimates of its resistance to 
pressure are strictly and legitimately applicable. But when a pile is only 
partially embedded in the ground^ the calculations for its stability are of a 
dual nature : first, as a pile pure and simple up to the surface of the ground, 
and secondly, above the ground level, as a column or strut. 

This aspect of the case calls for careful consideration, because a framework 
wharf, or pier, may fail through the flexure of its vertical members as much 
as through the subsidence of their bases. The longer the unsupported length, 
the less becomes the permissible load. And it follows, as an obvious 
corollary, that cross and diagonal bracing should be introduced from the 
lowest level at which it becomes practicable. 

Failure by flexure involves an investigation of the relative values of the 
resistance of a material to tension and couipression. Within the limits of the 
present treatise, it is not feasible to enter into all the details of so complex a 
problem. Neither in the present connection is it even desirable. Grordon's 
well-known formula furnishes all the information necessary for empirically 
determining the limiting load on columns^ whether in the sea or ashore, and 
any further information on the subject should be sought iu works dealing 
specially with columns and structural work generally. 

Gordon's formula for the determination of the limiting loads on long 
columns or struts may be expressed as follows : — 

where p = ultimate load per square inch of sectional area; 

/= compressive stress per square inch of the material; 

— = ratio of length of column to its diameter, or to its least dimension 

in cross-section ; 
a = coefficient given in table below. 

The ultimate compressive stress (f) may be taken as follows, according to 
the material of which the strut is composed : — 

Timber . . . 2 to 4 tons per square inch. 

»> i> 

» >i 

)) If 

The values of the coefficient a are given in the subjoined table, 



Wrought iron . 


16 


Mild steel 


30 


Cast iron 
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do (8 to 1) . 


1 
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CrOxrrioiBNTB IN Gobdom's Formula. 
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In the case of compound columns of concrete and steel (reinforced concrete), 

it is necessary to find the equivalent sectional area in terms of one material and 

make the ensuing calculations on that basis. Thus, if p be the ratio of the 

E 
coefficient of elasticity of steel to that of concrete, that is, if p = — f , then an 

K 
area A of steel is equivalent in resistance to an area pA of concrete. If A is 

the area of a reinforced concrete section (including the area of the steel re- 
inforcement), and Ag is the area of the steel, then the equivalent section A^ in 

simple concrete will be 

A, = A + (p-l)A,. 

The strength of a reinforced concrete pile can therefore be determined by 
treating it as a simple concrete pile of augmented area, the equivalent area 
being determined as above. The value of a in the table corresponds to this 
method of treatment. The value of p may be taken as 15''. 



CHAPTER V. 
STONE : NATURAL AND ARTIFICIAL. 

Stone Supplies — Qualities desirable — Density and Hardness — Weight of Stone — Obtainment 
— Mine Firing — Drilling Operations — Implements — Charging— Tamping — Firing — 
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Quarrying Operations for Breakwaters at Goodwiok, Aldemey, and Holyhead — Concrete 
— Its Ingredients -Their Qualities and Proportions — Sea* water in its relationship to 
Concrete — Model Specification for Concrete in Maritime Works — Japanese StandArdk 

Stone. 

Natural Stone. — One of the most important considerations in conDeotion 
with the construction of a breakwater is the supply of stone. £ven in the 
case of those breakwaters which consist mainly of concrete blocks, it is 
eminently desirable, from an economical point of view, to pack the concrete 
with as many stone burrs, plums, or displacers, as possible. And in mound 
breakwaters a plentiful supply of rubble is obviously a paramount requirement 

The matter opens out into two branches. First, there is the quality of 
the stone, and secondly, the cost of obtaining it. The former question involves 
a consideration of physical characteristics and chemical qualities ; the second, 
the proximity of a suitable quarry and the means of transport. 

Quality. — In regard to physical characteristics, there are two features 
of pre-eminent importance — density and hardness. Density^ or high specific 
gravity, is essential, because, when immersed in water, a stone loses a very 
considerable part of its effective weight ; and when the sea is in motion, its 
stability as an inert mass is thereby reduced to a very great extent. Further- 
more, if, compared with its weight, the stone possess a very large bulk, it 
presents a correspondingly large surface to wave action, thus increasing the 
scope or field of the disturbing force. These two factors of volume and weight 
must therefore be taken into joint consideration ; they show that the smaller 
the surface area of a stone and the greater its unit weight, the less likelihood 
there is of disturbance. In other words, the higher the specific gravity, the 
greater the stability. 

A concrete example will perhaps render this fact clearer. Take two 
blocks of stone of the same size — say exact cubes, each containing one cubic 
yard — but with specific gravities, represented in one case by 3 and in the 
other by 2. In air, the weights are 5184 lbs. and 3456 lbs. respectively. 
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In sen-wat«r. ihe weights (after deducting the weight of the volume of water, 
which is the eame for buth) arc 345G lbs. and 1723 lbs.— ti rutiu of 2 to 1, 
representing an increase of 33 per cent. As the exposure to wave-Btroke is 
the same in both caset, it is obvious that, when imnierBed, the stability of one 
block has relatively increased from half as much again to twice that of the other. 

The second point is hardnetg, or durability. A good stone in this respect 
is one which is deose, compact, impervious, and free from all susceptibility to 
disintegration. In maritime situations, stoncB are subjected to much wear and 
friction— certainly more so than on laud. The swell of the aea keeps those of 
Bmnll size in a state of continual agitation, rolling them over one another and 
chafing them until they assume that smooth spherical or ellipsoidal form 
which is so cbaracteriatic of pebbles along the beach. Moreover, in stormy 
weather, shingle, shells, and gntvel are taken up by the waves and dashed 
with tremendous force against any surface upon which the waves happen to 
break. The eHect of continual impact of this kind is to wear away even the 
hardest masonry. Wave action is supplemented by that of the wind, which 
blowd sand in great volumes witli the severity of a sand-blast. The cumulative 
reeulta of abrasion and attrition are to be observed on any rocky coast, where 
towering olifTit stand honeycombed and fretted into fantastic shapes, white the 
strand is strewn with the comminuted fragments of quondam boulders. 

The chemical qualities of a atone are not perhaps of such striluDg 
importance as its physical characteristics, but they are nevertheless deserving 
of consideration. The acidity and salinity of sea-water may, and often does, 
bring about molecular changes in minerals containing soluble salts. Certain 
compounds of lime are decomposed and softened by sea-water, and they also 
gi»e rise to the formation of other compounds which teud to destroy the 
cohesion of the material of whicii they are ingredients, by producing cracks and 
Gasures. Caustic lime and caustic magnesia, which are to be found in inferior 
and imperfectly made artificial stone or concrete — more rarely in natural 
stone, — are causes of disintegration by reason of their expansion under 
hydmtion, and also on account of their solubility. Still, on the whole, the 
chemical aspect of the question assumes a secondary importance, because 
thoM rocks which come under the category of minerals available for marine 
purposes, on account of their physical properties, are mostly, if not altogether, 
free from unstable constituents. The only ejiception, perhaps, is granite, 
which is a composition of three minerals — quartz, Telspur, and mica, in a state 
of physical, not chemical, incorporation. Of these, the quarts is durable beyond 
cavil — it is practically indestructible; but certain varieties of felspar are 
liable to decomposition, and the mica is always more or less easily disint^rated. 
Nevertheless, granites, as a class, have gained a high reputation for strength 
and permanence, and it is only in very inferior qualities that the imperfections 
just nieutioned manifest themaelves, or where any appreciable deterioration is 
produced by natural agencies. 

The heaviest and most durable varieties of stone are. generally speaking, 
those of igneous origin, such us basalts, granites, and traps, and melamorphic 
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rocks such as quartzite. Many of the harder sedimentary rocks, though 
suitable iu other respects, are unfortunately subject to the depredations of 
two troublesome molluscs, the Pholas dactylua and the Saxieava^ both of 
which attack limestone and sandstone. Limestone blocks at Plymouth 
breakwater have had to be replaced by granite blocks on account of the 
ravages of the Pholas^ which has already been mentioned in connection with 
its attacks on timber structures. Boring its holes in close proximity to one 
another, it honeycombs masonry work until it brings about its destruction. 

The weights and specific gravities of stone suitable for maritime purposes 
are somewhat as follows. It will be understood, of course, that there is often 
a considerable range of weight in material of the same class, according to 
locality, owing to variations in composition and texture. 

Weight and Strength of Stone. 



Granites. 
Basalts and Traps 
Limestones 
Sandstones 



Weight in lbs. Crushing Load in 
per cub. ft. lbs. per sq. in. 



160 - 190 
170-190 
130-170 
160-170 



8,000 - 14,000 
8,000 - 16,000 
8.000- 9,000 
2,000- 8,000 



Specific Gravity. 



2'5 to 2-97 
2-66 to 2-97 
2*03 to 2-66 
2-84 to 2-65 



Granite has been used iu the construction of two notable breakwaters in 
this country —those of Plymouth and Portland. The stone used at Plymouth 
came from the quarries of Colcerrow and Roughtor in Cornwall and Pewter in 
Devonshire. Penryn in Leicestershire, in addition to Cornish quarries, 
supplied stone to Portland, where a large quantity of the local limestone was 
also used. Holyhead breakwater was built of Anglesea stone, which, 
nominally a granite, is really a quartzite. Aldemey breakwater consists 
mainly of the native Mannez stone, a sandstone grit of such extraordinary 
hardness as to exceed that of the neighbouring Guernsey granite. 

Obtainment. — Next to the selection of a stone comes the question of the 
facilities for its obtainment and the cost of conveyance. Certain breakwaters 
have been so fortunate as to be located in the immediate neighbourhood of a 
suitable quarry. In other cases stone has had to be transported from some 
distance. Generally speaking, upon a rocky coast stone is likely to be fairly 
plentiful and cheaply procurable ; on a sandy shore, where stone is not so 
accessible, other forms of construction, such as fascine work, may commend 
themselves to preference on economical grounds. 

Quarrying^. — The art of quarrying is one which is often applied to 
special purposes : some quarries being mainly worked for building blocks, and 
others almost entirely for setts and road metalling. Obviously, neither of 
these departments claim any attention here. Stone which is required for 
breakwater purposes is of an intermediate character — not so small as for 
macadam, nor so regular as for architectural work. The rubble whioh is 



dei^irable for mnritime undertakiuga is of varying size, and, in fiict, is such hs 
reaulte more or less naturally from the simple blfiKting of rock. E»cept for 
copings and string courses, no dresiiing is required, and tbe maia bulk of the 
work is executed in blocks of iri*egular size and shape. In order to obtain 
these blocks to ftiirly large diiaerisions, some discrimi nation has Id be exercised 
both in regard to the manner of boring the holes for blasting purposes 
ftnd the nature and amount of tbt: oharge» employed. 

Much, of course, depends upon the disposition of the working face of the 
quarry and its relationship to tbe strike and dip of the strata. Natural 
joints and beds should obviously be taken advatitage of to the fullest extent. 
These features are most irregular tind uncertain in the igneous rocks, and 
therefore call for the aid of some skill and experience in their utilisation. 

When blasting operations are projected on a large scale, the system of 
mine flringf is adopted, and headings are driven in from a vertical face, or 
shafts are sunk from the t^ip^the relative economy of these methods being 
dependent on the height oF the quarry escarpment. Drainage and ventilation 
are more readily assured by the use of headings. In this case galleries are 
formed of the smallest possible sectional area consistent with the working 
space required for a man in each ; they are arranged zigzag in direction or 
with one or more abrupt turns, and they terminate in chambers which are 
filled with explosives. Shafts, on the other hand, are straight and vertical. 

Mine firing, which produces huge downfalls of stone — ranging, in many in- 
stances, from 100,000 tons to 500,000 tons— results in the dtslodgment of so 
many and such enormous masses of rock that these last have to be again broken 
up into serviceable sizes by means of smaller charges. The method, there- 
fore, does not altogether obviate the alternative system of small-charge firing, 
which, in less extensive operations, is more generally adopted. 

Drilling' Operations, — For the purpose of boring the necessary holes, 
either to receive the blasting cliarge propter or as a preliminary in the forma- 
tion oE a shaft or heading, various kinds of drilling instruments are employed, 
including the jumper, the hand-drill, and the machine drill. Of these, tbe two 
former involve manual labour ; the last is mechanical and automatic. Where 
the work is sufficiently extensive to justify the initial coat of installation, 
there can be little doubt as to the superior economy and efficiency of machine 
drills. They can he worked much more accurately and with greater ease and 
convenience, there being situations where the application of hand-drilling 
would prove awkward, tedious, and slow. 

The Jumper is an implement worked by one or several men. It consiata 
of ft long heavy bar of steel, sometimes circular or cruciform in section, but 
generally octagonal. The length varies from G to 6 feet, and, though not 
commonly the case, the bar is sometimes thickened in the middle in order to 
give increased momentum to the blow. In drilling a vertical hole, the jumper 
is lifted and allowed to fall, its uprightness being maintained throughout. It 
is caught at each rebound and raised again, being given, at the same time, a 
alight turn. For horizontal work, the drill is swayed backwards and forwarda 



and slowly rotated aa before. One drawback of the jumper is its liabiUtj to 
deflection from its assigued direcLiou if it happeiia to oome across a vein of 
harder material. Uuidaace is practically absent at the moment o' .uipact. 

The Hantt-'lrill iit a short steel bar of octagonal section, manipulated either 
bj one man, who holds the bar with one hand while he strikes it on the head 
with a hummer held in tbe other, or by two, or even three men, one of whom 
acts as holdi;r and the others ns strikers. The command over a hand-drill is 
more etiective in maintaining its alignment than it is in the case of a jumper. 

The limiting amount of useful penetration by the hand-drill is about 2 
feet, and it is chiefly used for making the short plug-holes, some few inches in 
depth, which enable large blocks to be split up iulo smaller pieces. The 
jumper may be effectively used tor holes of from 3 to 4 feet in depth. The 
rate of progress in either case dejiendH, of course, mainly on the hardness of 
the rook, and, in the second place, on the diameter of the hole, but it may be 
taken, on an average, at from 1 foot to 5 feet per hour ; the former rate for holes 
of 2 inches diameter in granite, and the latter for IJ-incb holes in limestone. 

At the Kirkmabreck granite quarry, the following rates of work obtain : 
viz., three men will bore about 7 feet per day of 2J-iiich bole, and 8} feet per 
day of 2-inch hole. Of plug-holes 9 inches deep, three men will drive 24 feet 
per day to IJ inches diameter, and 32 feet per day of holes J inch diameter 
and 4 inches deep. One man alone can do 14 feet per day of ^-incli plug- 
holes 3 inches deep. 

Alacliine drilU are either rutary or percussive in action, and are actuated 
variously by steam, compressed air, water under [jressure, and electricity. 

Purely roiarij drills generally take the form of a tube with an annular 
cutting edge, formed either with hardened steel teeth or with a row of 
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diamonds. In the Brandt drill, steel teeth arc forced against the surface of 
the rock under enormous hydraulic pressure, while the tube makes from five 
to eight revolutions per minute. lu the ordinary diamond drill, the periphery 
of the "core-bit," ns it is termed, has a number of diamonds embedded in it, 
and rotiition ia nuicli more rapidly performed —from 200 to 400 revolutions per 
minute. The core, which results from the action of the tube, is subsequently 
broken off and withdrawn by u "core-lifter," which forms part of the internal 
mechanism of the drill 

The annular form of such drills lends it«e]f to the supply of w 





er ta|^^ 



stoSb : 

point of incision, au adjunct wliich is of decided advuntage in ail foniiB of 
L drilling, whethev b; Laud or aiecbanisii). In this respect hydraulic tuotivc 
I power msj -rve a double purpose, the waste water from tlie pressure cylinder 

Rcting also as a lubricant aud dust preventer. 

ri drilln, which also have a subsidiary rotary movement, conform 

to the principle of the mauual drill 

in that they are driven forcibly 

against the rock by steam or other 

pressure. The essential parts are 

a cylinder and piston, the hitter of 

which receives the pressure alter- 
nately on each of its faces aud acts 
ibiued hammer and drill, 

or perhaps more closely resembles 

the jumper. The drill rod proper 

is solid throughout and attached 

to the end of the piston. It is 

provided with a cutting edge or bit, 

of I, X,' or 'Z. shape. The bit 
sharpening every 2 to 4 

feet of penetration. The pressure 

cnipluyeJ is about 60 to TO lbs. 

per square inch. About 300 blows 

are delivered per minute, and the 

rate of progress ranges from 3 to 

10 feet per hour when the diameter 

of the hole lies between 1 and 2 

inches. One man suffices to operate 

machine, which may comprise 

■veral drills, but two or three 

men are required to transport it, 

and two are generally in attend) 




FlO. 70. — lugBraoll Pen 

lu granite, two men working a steam 




Fio. 77.— Section of IngersoU Drill. 

drill can do about three times the amount of work which would be done by 
band in the same time. 

' An X shape is {irsrerable to ui exMt otow, •■ it KHbrds Imb Ukslihood of the mud 

grooves being stniok repeatedly. r, — j 



The cutting edgeu, or "bite," of percussive driUa, the widths of which 
riviige downwards from 4, or even 5 incliea in mechaniral drilli and from 
2 inches in manual drills, are sliglitly wider than the 
T uhaiiks of the bars on which they are worked, in 
order to ensure the necessary clearance io driving. 
For tlie same reason, the diameter of the drill is 
diminished as the depth attained is increased, at the 
rate of about I'j inch every IS indies drilled by hand, 
and alioiit i inch every 2 feet drilled by machine. 
TliiiB a 20-foot hole commencing with a diameter of 
3J inchea at the top would become reduced to 2 inches 
by the time the bottom was reached. 

Charg'in^. — After driving has been completed to 
tliu rfqiiiriid eslent, the hole is cleared of debris and 
moisture |irior to the insertion of the charge. The 
amount of the charge is calculated on the same 
principle iis that which underlies the preparation of 
the borehole, via., that the eiplosive acta in the 
direction of the line of least resistance, or along the 
shortest route from the chaise to the nearest open 
face ; the hole should be considerably longer than 
this distance, at least twice as long. On the basia 
stated, we have the following formnlu ; — 

Cbai^ in lbs. = (line of least resistance in ■ 



feet) " 



jcflici 



111 which tlie coeflicient depends upon the nature of 

Xthe ruck and of the charge, being only definitely 
dutermiiiable by actual eipericnce. For ordinary 
b1:isting powder in granite it is approximately '04, 
yiiiid in softer stone 03. For higher explosives it will 
bii It'ss, in proportion to their specific power. Thus, 
. fur djuamite the coeflicient becomes "006 or -004. 
Uiinpowder exerts, according to its precise composi- 
tiou, an explosive force of from 18 to 40 tooB per 
Hcjiiaro inch. For blasting purposes only the lower 
l>owcr is used, and a cubic yard of cjuarry rock 
Km. 78.— DrillStrds. ordinnrily requires a charge of from ^ lb, to 2 lb*. 
according to its nature and position; in tunnels and 
shafta as much as 6 lbs, per cubic yard has been used. 

Rlustiiig powder may bo deposited in the borehole in bulk, but high 
explosives ant usiiidly made up in the form of cartridges, and the diameter of 
these is arranged so as t^i fit the bole exactly. The charge will consist of as 
many cartridges as raiy be considered necessary, carefully pressed into contact 
me another by moans of a blunt-ended wooden tamping-rod. The top- 
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it cartridge ie fitted with the cnp.or detoniitor, required to produce 
ex|>loaiuD. 

T&mpiDg^. — The next step after charging, prior to explosioD, is tampiug. 

This consists in packing the hole with granular or plastic material, ao as to 

coniplelelj' confine the chaise and its gaseous products. For powder, dry, 

tough clay aud powdered brick make good tamping material. By reason of 

itB rapid action, dynamite does not require tamping to such an extent as is 

necessary for slower expluaives. Even water will serve the purpose in deep 

I vertical holes. Mud, sand, hrickdust, and clay, are all used in coiintctioo with 

: high explosives. Care must he tJiken iu pressing home the first portion of a 

tamp, HO as to avoid prematurely exploding the cap. Only a blunt wooden 

\ tamping-rod should be used. 

Firing^. — There is a dilference of procedure in regard to the circumstance? 

atCeading detonation. Low explosives, such as gunpowder, expand progres- 

cely by combustion, the gases accumulating until the resistance to expansiou 

vea way. High explosives, on the other hand, act instantaneously, but 

they require a sharp initial explosion to develop their action fully, and this is 

r provided by means of the detonator. 

The detonator in general use is a small, solid-drawn copper tube, closed at 
I one end and partly filled with an explosive compound (fulminate of mercury 
I »nd chlorate of potash in varying proportions) which is capable of producing 




tense local force and beat. The detonator itself may be exploded either by 
eaus of a combustible fuse or by the electric current. . 

The ordinary (safety) combustible fuse burns at the rate of 2 to 3 feet per 
inute. There is also a " lightning " fuse for simultaneous firing, burning at 
the rate of 150 feet per second. 



Eleotrical discharge, of course, takes place instantaneously. There are 
two methods of firing. One, called the low tension (fig. 80), consists in 



■ I 
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sending an electric current through .a thin platinum wire contained in tl 
detonator, whereby it is made red-hot and so igpiites the inflammable materi 
in which it is incased. In high tension fuses (fig. 81), the wire terminals a 
not connected, but a spark is passed between them, effecting the same resul 




\ 

Fio. 81. — High-tension Fuse. 



Seam Firing*. — It has already been remarked that the efiicacy of 
blast depends to a very large extent upon the judicious selection of the s 
and direction of the bore-holes. The natural faults to be found in ro 
manifestly lend themselves to an economical disposition of the disrupt! 
forces, and it is often a wise plan to try the effect of a small prelimina 
charge by way of ascertaining to what extent any latent lines of weakn< 
are developed. Thus, in a quarry at Penmaenmawr, in North Wales, wh< 
> the rock is a hard, compact trap, it is the practice to bore a hole^ say 20 to 

feet deep, and charge it with only 5 lbs. or so of powder. On explosic 
certain cracks are produced, the traces of which are followed and enlar^ 
by additional holes until a final charge can be suitably placed for bringi 
down the whole mass. Similarly, at Gkx>dwick, Pembrokeshire, a hole 20 f< 
deep and 2f inches in diameter at its extremity would be sprung seve 
times by means of single gelignite cartridges of 1^ inches diameter, produci 
a pear-shaped cavity capable of receiving the larger quantity — 50 or 60 lbs. 
required for complete dislocation. 

Another method adopted in a granite quarry at Kirkmabreck, Kirkci 

brightshire, where the seams are fairly regular, extending along the face-li 

for some distance, is to open out a seam by means of plugs and wedges uc 

it is wide enough to admit of the lodgment of a charge of powder. 

chamber for the charge is prepared by shaping a couple of boards to fit t 

seam and setting them temporarily a couple of feet apart. Tamping is tighi 

rammed against the outsides of the boards, which are then withdrawn. T 

method of charging is to insert the fuse after the deposition of a third of t 

powder, the remainder being added on top and covered with a layer of lighi 

pressed hay followed by tamping above. The first foot of tamping is lighi 

rammed, the rest compactly. 

!■ Wedgfing*. — Where the rock is of good quality and is required in t 

; form of large, sound blocks for ashlar work in copings, facings, and stri 

j ' courses, a system of obtainment by wedging is adopted in preference to tl 

of blasting, which may produce unsuspected planes of weakness as well 

undesirable cracking and cleavage. In this case, a series of plug-holes, abo 

1^ inches in diameter and 9 inches deep, are driven along the line of soi 

natural joint. Plugs and feathers are inserted into these holes, and driven 

a succession of blows from a 26-lb. hammer until the seam has been sprung 
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mn extent admitting of the use of pktea awd wedges. These last are driven 
■imult&Deoual;, and as tbe flBSure produced widens out, it ie kept well packed 
with hand rubble. When the block is detached and ready to come away, an 
iron ddg is attached to the stone, from which a chain passes to a crane, the 
tension of which, aided by men witli crowbars and levers acting directly 
upon the block, causes it to become completely dislodged. It can then be 
oouverted iuto convenient sizes by plugging as before, and be dressed to 
requirements. 

When the height of the quarry face is considerable, it is desirable to place 
planks and pieces of old timber upon the ledges of rock and upon the lloor of 
the quarry, to avoid undue breakage of blocks falling from the upper layers. 

Blasting" Ag'entS. — The number of explosives available for working 
purposes in a quarry is legion. From a practical point of view, despite the 
ditistmilarity of their ingredients and methods of production, they fall into 
two classes, viz., (I) those in which a high local intensity ia produced, causing 
much shattering and splintering into small fragments, and (2) those in which 
the expansive power is more widely and less violently eserted, resulting in 
disruption and dislocation rather than shattering. The lirst class is repre- 
neuted by dynamite, the second by gunpowder. 

The basis of dynamite is nitro-glycerine, which forms a number of com- 
pounds possessed of similar attributes, but varying in power. Nitro-glycerine 
is a fluid combination of glycerine and of nitric and sulphuric acids. The 
majoriiy of its various combinations, therefore, have a plastic, gelatinous 
nature, but the first to be noticed below has not this characteristic. 

Dynamite consists of nitro-glycerine with the addition of a granular 
abttorbent, which may either be an inert substance or, in itself, an esplosive. 
The material more specially employed is a silicious inf uscirial earth occurring in 
■, and called " kieselguhr." Commonly, the proportions are 75 parte, by 
weight, of nitro-glycerine to S5 parts of earth. If cartridges remain immersed 
in water for any length of time, the nitro-glycerine exudes and the charge 
deteriorates. Moreover, the substance is atfected by changes in temperature 
aod freezfs at a higher temperature than the freezing point of water, so that 
some trouble ia incurred in winter-time in thawing cartridges, the operation 
requiring much care and circumspection. The effects of firing are, as slAted 
ftbove, an intense rapidity of enploaion producing extreme local shattering. 

Other combinations of the same character are : — 

Blwitiny Gelatine, containing 93 per cent of nitro-glycerine and 7 per cent. 
ol nitro-ootton. This is probably the most powerful blasting agent known at 
the present day. It is also very little, if at all, alTected by immersion in 

Qelatine Dynamite^ somewhat inferior in strength to the foregoing, is a 
compound of nitro-glycerine, nitro-cellulose, and nitrate of potash. 

Geliijniie oontaius nitro-glycerine, uitro-cotton, nitrate of potash, and wood 
meal. It is rather more powerful than ordinary dynamite. 

Foreits is a mixture of nitro-glycerine with cellulose, the latter being 
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gelatinised by heating in water under considerable presBure. Nitrated cellu- 
lose is also used in admixture with oxidising salts. 

Gun cotton, which is cotton dipped into a mixture of nitric and sulphuric 
acids and itself an explosive, gives rise to the following, amongst other, 
compounds : — 

Tonite is finely divided, or macerated, gun cotton, combined with an equal 
weight of nitrate of baryta. There are two varieties — the white and the 
black. The former is very shattering in its action, and is therefore chiefly 
applicable to the breaking up of extremely hard stone, such as quartz. Black 
tonite, containing a larger proportion of baryta and some charcoal, is more 
disruptive. 

Chlorate of potash forms the basis of two well-known explosives, viz., 
Rack-Orrock and Cheddiie, The former consists of compressed cartridges of 
chlorate of potash, impregnated with dead oil, either alone, or in conjunction 
with bisulphide of carbon, or mixed with nitro-benzol. Cheddite, an admirable 
product of more recent date, contains chlorate of potash, naphthaline, and 
castor oil. 

It is needless to extend the list further. There are many other excellent 
explosives on the market, and fresh compositions are continually being evolved, 
each with its own special advantages. But while many of them are character- 
ised by extremely high power, resulting in the production of almost incredible 
downfalls of rock, yet in ordinary quarrying operations where, as has been 
pointed out, intense local effect is by no means sought after, it is probable 
that in the majority of cases blasting powder is every whit as serviceable, and 
certainly more economical. 

Gunpowder, the earliest of explosives, is a mixture of saltpetre, sulphur, 
and charcoal, in proportions ranging between 6:1:1 and 15 : 3 : 2. ^ These 
are the proportions used for service powder for mihtary purposes. Blasting 
powder is distinguished from gunpowder, properly so called, in that it contains 
rather less saltpetre and that it is not manufactured with the same particular 
selection of material and delicacy of treatment. The effective power is 
therefore lower. 

Quarrying* for Goodwick Breakwater. — ^The following particulars 

relating to the quarrying of stone for the breakwater in Pembrokeshire, 
forming a protection to the Fishguard terminus of the new Fishguard, Rosslare 
(Great Western) route to Ireland, have been compiled from information kindly 
supplied by Mr G. Lambert Gibson, the engineer in charge. 

When the works were begun in the year 1896, they were carried out 
tentatively with a small outfit of plant, but with a considerable body of men. 
The start was a difficult one, the men having to attack the face of precipitous 
cliffs of an intensely hard and vitreous texture, rising from the sea to heights 
of one and two hundred feet. The boring of the rock to receive explosives 
was done entirely by hand ; and, owing to the want of foothold, the men had 
often to be slung by ropes from the top of the cliff. After six years of some- 
what slow progress in this manner, more vigorous measures were decided 
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upon. A complete inalallation of compressed n\r <lrilling plant wa» put down, 
and the work of boring was let to a firm of contractors. 

Under the new system, both single firing and mine blasting operationa 
were carried on. In the first cAHe, holeii 20 feet deep and 2^ inches in 
diameter were charged with 20 to 50 lbs, of gelignite, lu the second case, 
the method adopted where the cliff was loftj mid the rook eiceptioually hard, 
a tunnel some 40 feet long was driven sijnftre into the face of the cliff, with 
two branches, eacli also about 40 feet in length, right and left of it, the com* 
bined galleries taking the shape of the letter T. At the ends of the cross 
tunnels small chambers were formed, within which were placed a charge of, 
usually, 7 tons of gunpowder in two boxes; the tunnels were then built 
up and the charges fired by electricity. Very little noise or shock to the 
neighbourhood is said to have been caused by the firing, although aa much 
as 113,000 tons of rock have been dislocated by a 7-ton charge. The yield, 
however, varied considerably, according to the nature of the rock at various 
{•Uces along the half mile of quarry face, and in some cases 9 tons of gun- 
powder were reijuired to produce a fall of 70,000 tons of rock. 

Generally speaking, it was found that where a drill could penetrate 15 
feet per day — the average depth of the holes, — the cost of single hole firing 
«aa equal to the cost of mine-firing with a working face of 120 feet. In 
other words, when the height of quarry face exceeded 120 feet, or when the 
drills failed to accomplish 15 feet per drill per day, nune-firing proved the 
more economical method. 

The rock, having been blasted, was loaded into wagons, Stones from 3 to 
15 tons weight were lipped on the sea aide of the breakwater ; those from 1 
cwl. to 3 tons on the harbour side. Stones of 1 cwt. and less were sent to a 
ballast crusher tor nse in the concrete blockwork. 

The rock-getting and depositing plant consisted of one 120 H.~F. air-com- 
pres-'ior engine, nine 8 H.-l'. lugersoll rock drills, five locomotives, fifteen steam 
cranes of powers ranging from I J to IS tons, and 175 waggons. 

'Ilic quantity of rock dealt witli amounted in all to about two million 

Quarrying: (or AWerney Breakwater.'— The stone of which the 

greater part of the breakwater is built is n local stone obtained from the 
Manuel! quarries, and, although a sandstone grit, considerably harder than 
granite. The quarries were situated a couple of miles away from the site of 
the breakwater, and had a working face 75 feet high. The hardness of the 
atone may be gauged from the fact that where one jumper sulfiaed to bore a 
bole in granite, two were required for the Maunez stone. 

The mode of quarrying was as follows : — Shot holes from 6 to S feet deep 
were drilled at the toe of the quarry face, charged and exploded. When the 
rock was sufficiently undermined in this manner, a deep hole uan drilled down 
from the top of the quarry to a shelf or bed, of which there were several, 
inclined at an angle of from 2G° to 45° to the face. This hole was charged 
' Vide ilia, /Vjw. Jnit. C.S., vol. UXviL j.. JW. 
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with powder, lightly tamped and exploded several times, till a crack was 
made longitudinally ; then, into the crack, large grained powder was poured 
and exploded, bringing down a considerable mass of rock. By this means the 
stone was not too violently shaken, and good face stones were obtained. 
Many of these were 9 feet long by 3 feet 3 inches thick and 15 feet on the 
bed. The cost of dressing them into shape came to 6d. per cubic foot. The 
stones selected for rubble hearting weighed from 3 tb 15 tons. The greatest 
quantity of material conveyed to the bank in one day was 3000 tons. 
Seventy-four tons of powder were consumed per annum. 

Quarrying for Holyhead Breakwater.^— The stone— a quartz rock 

— was obtained from an adjoining hill known as Holyhead Moimtaiu, and 
the quarries were distant rather less than a mile from the commencement 
of the work. 

At the outset, quarrying operations were carried on by a system of single- 
hole firing, but, although many hands were employed, the output proved 
insufficient for requirements. Blasting on a much larger scale was then 
resorted to, by sinking shafts and driving headings or driftways to receive 
large quantities of powder. 

The first large mines were in shafts about 6 feet by 4 feet, sunk from the 
top and of varying depths^ according to the height of the face ; but when the 
quarries had been more opened and the face got very high, sometimes the top 
only was prepared for blasting by shafts, and the bottom by headings of the 
same size, or somewhat less. Ultimately, headings were preferred to shafts 
and adopted whenever practicable. They proved more convenient, as the men 
could work in front instead of at their feet ; the men did not get wet from 
rain, and the ventilation was better. Headings were also less dangerous, as 
the tamping was less liable to be blown out. On the other hand, shafts were 
more easily tamped and required smaller charges of powder, the rock being 
already weakened by the excavation. 

On an average, 4 tons of rock were blasted per lb. of powder, the extremes 
ranging from 5 to 2 tons. Generally the charges varied from 600 lbs. to 
21,000 lbs. Experience determined the following coefficients for the formula 
given on page 90 : — 

For ordinary shafts, coefficient = yV ^ ^ = '^^^ ^ '^^ > 
For ordinary headings, coefficient = ^ = '083. 

In the exceptionally difficult case of a mine called a *' rooter-out," the 
coefficient became '1. This was a mine in which there was a natural joint on 
one side only, so that the rock had principally to be torn away from the solid 
mass. In such cases the lowest results were achieved, and, further, the stone 
displaced was usually in large masses requiring further breaking up, while in 
more favourable cases the stone resulting from a blast was suitable for 
immediate use. 

Figs. 86 and 87 are types of the best and worst kinds of mine respectively. 

* Hayteron Holyhead New Harbour, Min, Proc Inst,, CM,, vol. xliv. 
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In tamping the headings, tlio powder wels often built in for a few feet with 
_» diy rubhlc wall, and the remainder of the galleries rammed with clay, 
I from u deeoiupoaed porphyry dyke in the iiiiarry. The BJiafta were 
t readily tamped with quarry debris, stones and clay thrown in and 
(I conai Dually, especially at the outset, a space was left round the 
charge, but it is believed that tbiB was of little use. 

The ooBt of quarrying the rock, including driving, powder aud sundries, 
waa 4^d. per ton, and the coat of tilllDg into waggotia, including blasting the 
large stoncB, waa about the same. The prices, however, refer to the period of 




Fio 88. -M 
Height n[ Fni-e 

Grip or HMdIng 




ll0ljlL«.d. 

IIU feet. 






Cluniban. 




(.000 


Ho 8. 


Na.4. 

1,60U 


UDRth . . . 



1 output. The L'oat of dnvmg the headnifti ranged from 10s. to 25b. 
per lineal foot, out of which the mmers had to pay, on an avenige, about 2s. 
for powder, fusee, etc. The average length of heading driven waa 5 feet per 
week with tour men employeil 

Concrete. 

The subject of natural stone loads on almost muensihly to the kimlred 
theme of artificial stone, for whah an equally valuable, aud a practically 
unlimited, field of useFulneas ousts Those parts of maritime structures 
which are by far the most important aud most prominent, are now constructed 
in concrete, in place of the elaborate masonry \vhich chnracteri.'*ed 
distiuguislied the operations of past generations of engineers. 

The cause aud reason fur this is not far to seek. Itlocka of etone of 
size are difficult to procure, expensive to dreas, and e<pially expensive to 
ftnd Ht in position. Smaller stones involve a multiplicity of joints. 
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in themselves, are a source of weakness, but when their me is inaepanbly 
combined with an intricate system of keyage and bonding, they prove dombly 
unsatisfactory and ilfford but an indifferent sense of security. What masonry, 
with its vertical and horizontal breaks and intersections, and its costly chisel- 
work, fails to ensure, is readily achieved by concrete, easily moulded while in 
a plastic condition to any required shape or outline, and deposited in position 
by the simplest means, with a minimum expenditure of time, money^ and 
labour. 

Concrete, as the term is generally understood amongst engineers, is an 
admixture of various mineral substances which, under chemical action, beicoine 
incorporated into a solid body. Of its ingredients one group is inert^ the 
other is active. 

The inert group is called the (iggregaie^ and it comprises any number of 
the following substances: slag, shingle, burnt clay or earthenware, broken 
stone, broken brick, gravel, and sand. 

The active elements are hydraulic lime or cement and water. These 
constitute what is called the matrix. 

The uses and applications of concrete are manifold. We have^ however, 
to confine our attention to those points alone which are of pre-eminent im- 
portance and value in regard to maritime work, leaving other features and 
adaptations for treatment elsewhere. 

The first thing to be noticed — which has already been animadverted upon 
in the earlier part of this chapter — is the necessity for an aggregate of high 
specific gravity. The reasons need not be repeated. From this point of view, 
heavy materials, such as slag and broken granite, are preferable to broken 
brick and sandstone. 

Secondly, in order to ensure close adhesion, the aggr^ate should be rough 
and angular. Porous surfaces are admirable in this respect, but they do not 
generally appertain to heavy substances. However, the coarse crystalline 
texture of granite offers a sufficiently marked advantage over the smooth 
polished surfaces of flints and pebbles to constitute an excellent instance of 
what is meant by compliance with this requirement. 

Thirdly, in order to reduce the number and volume of interstices, fragments 
of different sizes should be employed so that the smaller material may fill 
up the voids in the larger. At the same time, it is not desirable to use 
fragments of greater linear dimension than 4 inches, nor sand so fine as to 
l)e dust-like. It is usual to specify that the stone shall pass through a 1^ 
or 2-inch ring, and that the sand shall be coarse and sharp. If fine sand 
be used, the grains cohere when watered and impede the introduction of 
the cement, besides requiring a greater quantity to effect the same complete 
envelopment. 

Lastly, the aggregate should be perfectly clean and free firam grease, clay, 
mud, and any other impurity whatever. Such substances have no adhesive 
value; they intervene between the parts which should come in contacti 
and are themselves readily soluble and removable by water, leaving the 




\ 



STONE : naturai, and artificial. gg- ■ 

which thej happen to be iiicorpior&tcd in a purouB and laminated 
condition. 

The matrix is altiioat universally' Portland Cement, though hydraulic lime 
has becu, and is still used, aud also lioiimn cement. Hydraulic lime of a, 
speual character — the Teil lime — is & favourite with French eni^Jneers for sea 
^rk. It has been very largely employed in their works on the Mediter- 
FftDeaa coast and aloug the English Chanuel, and, with one or two exceptions, 
aeetua to have answered Batisfactorily. The uae of Iloumn uemcnt is limited 
to sitiiationa where rapidity of execution ia essential, aud where the hardening 
of the mortar is required to take place within a very short period. Neither 
hydraulic lime nor Roman cement has anything like the strength and 
durability of Portland cement. 

Portland cement is an artificial product obtained by calcining, at a high 
temperature, an intimate compound of clay or shale with chalk or other 
limestone. In this condition, it contains a number of ingredients, of whioh 
the principal arc lime, silica, ahimina, and oxide of iron. These form about 
niueteen- twentieths of the whole, within the following limits, vis. ; — 



Lime, . 


60 to 64 per cent. 


Silica, . 


20 to 24 „ 


Alumina, 


6 to 10 „ 


Oxide of Iron, . 


3 to 5 „ 



The remaining ingredients are magnesia, sulphuric acid, certain alkalies, 
and moisture. Of these, tlie magnesia should not be permitted to eioeed 
5 per cent., nor the sulphuric acid 1 per cent. 

So great a variation has been manifested in the character of the different 
brands of cements emanating from the numerous manufacturers both in this 
country and abroad, and so much divergence of opinion lias been exhibited in 
regard to standards and tests to be adopted for reference and comparison, 
that it was recently felt desirable, and even necessary, to draw up a speci- 
fication for general use among engineers. Tliis has been done by the 
Engineering Standards Committee, and the result of their deliberations is 
erabodie<l in the specification at the end of this chapter. It is not necessary, 
therefore, at this stage, to enter into the more general requirements of the 
model speciliuation. 

Effect of Sea-wateP on Concrete.— The most vital consideration in 
regard to the matrix is the effect of sea-water upon concrete. On this point 
there is scope for much discussion and some ground for difference of view. 
On the one hand, there is abundant practical exemplification to demonstrate 
that Portland cement concrete is, in general, a thoroughly sound aud durable 
material, in every way adaptable to maritime situations as elsewhere ; on the 
other hand, there are indubitable instances of deterioration and failure. 
These instances obviously demand a searching inquiry, for in the absence of 
definite and authoritative refutation they must inevitably produce a feeling of 
doubt and uncertainty as to the propriety of using Portland cement in situa- 
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tioiis where its possible failure would entail 0(»i8equeiioeB of the most serious 
nature. 

The author has already, in another work, devoted some oonsiderable space 
to a discussion of the subject,^ and he does not feel that it will be considered 
incumbent upon him to restate the particulars and details of the investigation 
which led him to the conclusion that any defects which have exhibited them- 
selves in the behaviour of Portland cement concrete in sea-water are due solely 
and entirely to inherent deficiencies in the quality of the cement used, and in 
the materials with which it was mixed, as also, in part^ to indifferent and 
imperfect manipulation. 

Brieily stated, the facts in cases of known ^ilure show that disintegration 
is ( 1 ) inaugurated by symptoms of expansion, and (2) subsequently accomplished 
by the solvent action of the sea. 

Now, the oonstitnont elements of sea-water which have any effect upon 
cement are the sulpliat^'s and chlorides, especially the sulphate and chloride 
of magnesia. On coming in contact with lime, the magnesia in these salts is 
precipitated as a hydrate, with the simultaneous formation of chloride of 
calcium and sulpliate of lime. Both these latter products are more or less 
soluble, especially the former, and the washing action of the sea soon occasions 
their removal. 

But, in onlor that this interchange of constituents may take place, it is 
essential that there should be present a certain amount of lime, either actually 
in a free, imeombineii condition, or, at least, in the form of a very unstable 
compound. The silicates and aluminates of lime produced during calcination, 
at the proper teni^KTHture for the manufacture of Portland cement, are all 
more or less fixed ; at any rate there is abmidant evidence to show that 
neither of these combinations necessarily breaks down in a marine environment. 
It is usual, therefore, to attribute the change to some caustic lime which has 
failed to combine with the silica and alumina. The supposition is not out oi 
consonance with oliserved phenomena. The slaking of lime causes expansion, 
with the formation of a hydrate which is readily soluble in water. One 
authority,^ however, suggests that a truer explanation of the expansion and 
disintegration is to W found in the formation of a "vitreous high-lime 
compound which slakes or hydrates so extremely slowly that it may be 
mouths before visible hyil ration even commences ; but in such cases hydration 
is accompanied by enormous expansion, the increase in bulk amounting to 
many times the original size of the mass, sutficient to cause the disruption 
and total disintev:ration of the previously set particles in the cement." 

The precise nature of this ** vitreous high-lime compound " is difficult to 
identify, but fn>m whatever source the lime be forthcomings there seema no 
doubt tliat it exorcises a deleterious effect, and that measures should be taken 
to ensure its absence wherever possible, and, in the second place, to limit the 
action of sea- water to the outer skin or surface. This can only be achieved 



* Dock Kiiffin^eriug, p. 12S ef m. 

' BuUer, l\riiand Cmmeni, Lomlon, Spon., 1905. 
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by making the concrete tte impervioua as possible, so that the bulk of it may 
be inacceseible to external ioflueiiceB. 

Concrete miida from souud Portland cement, mixed in proper proportions 
and thoroiigbly incorporated, is sufficiently impermeable for all practical 
purposes. It uiny not be absolutely water-tiglit — tbis is by no means 
essential ' and can only be attained by tliu exercise of considerable trouble, — 
but it will display amply serviceable resistance to infiltration, whit^h will prove 
little more than superficial. Even in tbose cases where chemical chauges 
have taken place, the evidence simply points to the deposition of miignesian 
salts in thi; outer pores of concrete from which the calcic hydrate baa been 
removed. The magnesia ia an inert substance, and while, in itself, an 
evidence of decomposition, its presence is attended by no additional ill effecte ; 
iu fact, it may even be claimed that it exerts a beneficial action in closing up 
pores which would otherwise remain open for the further penetration of sea- 
water into the interior of the mass. 

In order to aeaure the highest degree of impermeability, a sufficiency of 
water must be used for mixing the concrete. An excess, of course, is objec- 
tionable, chiefly on the ground that it forms an incompressible volume in the 
fluid coucrete, which passes away in evaponition, tending to leave the concrete 
porous. But, on the other hand, an insufficiency is attended by the evil that 
particles of cement may escape hydration, and this is a more vital considera- 
tion, in that there is a consefjuent lack of present cohesion and a source of 
Tuture dialnrtnince. It is better, on the whole, to water the concrete well 
rather than sparsely ; some proportion of moisture will be absorbed by the 
environment, the foundation, and adjacent work, and unless the mass he 
allowed to harden without undue abstraction of moisture, its strength will 
become impaired. 

Speaking from long experience of a wide range of concrete work deposited 
ID a tidal estuary, where the fluctuations of level are very great and where 
the circumstances are most propitious to the exercise of decomposing 
influences, the writer is convinced that the dangers attending the use of 
concrete work in maritime situations are often greatly and needlessly 
eif^gerated. Ordinary care and discretion in the processes of mixing and 
deposition will prevent any evil couaequeuces, provided, of course, the cement 
be of unassailable character, conforming in all respects to the requirements of 
the standard specification. 

Another point affecting the use of I'ortland cement concrete in maritime 
work is the influence exerted by sea temperature upon its setting properties. 
The crystallisation or setting of cement is favoured by warmth and retarded 
by cold. Tlie presence, therefore, of cold or warm currents in the sea exercises 
a corresponding effect upon the setting time, so that it is not a matter foi 
surprise to find considerable variation at dilTeront places, and even at the 
same place at different Beasons, in the period during which concrete work 



I02 HARBOUK ENGINRERING. 

hardens. Of course, the more the time is prolonged the greater difficulty 
will be experienced in preserving the soft concrete from the chafing 
action of waves; but, on the other hand, it seems to be pretty clearly 
established that the slower the setting action the greater the ultimate 
strength attained. 

By way of completing this brief review of the subject, a model specification 
is appended, di*awn up from a harbour engineer's point of view, and there- 
fore containing several stipulations of a special character inapplicable to con- 
ditions elsewhere. The quality of the Portland cement, however, is strictly 
in accordance with the terms of the Engineering Standards Committee's speci- 
fication, the clauses extracted from which are indicated by quotation marks. 



Specification. 



* 



The aggregate shall consist of gravel and broken stone of varying size 
mixed with sand, the quantity of sand being sufficient to fill completely the 
interstices in the larger material. The precise proportion of sand is to he 
ascertained by gauging the volume of water contained in a vessel which has 
been packed with the maximum amount of gravel and stone it can contain 
up to, and flush with, the level of the brim. No fragment shall measure more 
than 4 linear inches in any direction, and every piece must be capable of 
passing through a ring 2^ inches in internal diameter. The length, breadth, 
and depth of the larger pieces must not be greatly unequal, t.e. there must 
be an absence of long, flat, slaty slips, as also of smooth, water-worn pebbles. 
The stone must be heavy, weighing in the solid mass not less than 150 lbs. 
per cubic foot. Slag from ironworks may be used in place of, or in conjunction 
with, stone, provided it conform to the same conditions of weight and size and 
is not brittle or friable in any part. Both gravel and stone or slag must be 
perfectly clean and free from admixture with any foreign substance, whether 
mineral or vegetable, and no gravel which has come as ships' ballast will be 
accepted.^ The sand must also be clean ; sharp, and not too fine, i.e. it should 
all be retainable on a sieve of 32 S.W.G., having 900 meshes to the square 
inch. Dust and powder, as well as earthy and greasy matter generally, must 
be rigidly excluded. 

Concrete described as a; to 1 shall be understood to mean x parts by 
measure of gross aggregate as detailed above, combined with 1 part of 
Portland cement. 

[Assuming that there is on an average some 35 per cent, of interstitial 
space ^ in the mixed stone and gravel, and allowing 5 per cent, margin to 
cover extreme cases, the quantity of sand required will be 40 per cent. The 
proportion of sand to cement should not exceed 3 to 1. Therefore the mini- 
mum amount of cement will be 13 parts in 40. 

' On account of the liability of a ship's hold to greasiness when used for mixed caigoee, 
especially in the case of oil in barrels, etc. 
^ Substantiated by experiment. 



Tot«,lling tlie aggregates, we hiiTe : — 

Gr.ivel and Btone, 60 piirts 
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or a limiting ratio for the concrete of Sj to 1, For general work in bulk,' 
B to L ig t servioeable proportioo ; for vertical facings, 6 to 1 ; for quay floora, 
* t" 1 ; for quay ateps and landings, 2 to 1,] 

Oiiplaeerg or plums— large atones and bouldera of quality at least equal to 

™*' "pecitied for the aggregate — may l>e inserted in the body of the conerete- 

fomiing (uass or huik work, provided that no two atones come within 6 inches 

°' e»clj other and that no part of any atone come within 6 inches of a 

"Collided face. The rock or Btoue used for the purpose must either be 

""^Ught freeh from the quarry, or, if old material from paving or building 

'■^fks, it must be thoroujjhly cleaned by picking and washing so as to 

"*e from all mortar, earth, and other accretions. The plums must be aound, 

^►xl, compact, and shapely, with no excessive elongation or attenuation 

^^ti DO cracks or flaws, and they must possess rough, preferably rugged, 

■•irfftces.' 

The tnairix shall consist of Portland cement manufactured by a firm of 
standing, and conforming in all respects to the teats and conditions 
Lted below. 

"The cement shall be prepared by intimately mixing together calcareous 
id argillaceons materials, burning them at a clinkeriug temperature, and 
gnnding the resultant clinker. No addition of auy material is to 1>e made 
•fterburuing."* 

(The standard specification permits the addition of water or ualoium 
v^ilphate, in neither case exceeding 2 per cent., but only by the express 
pennission of the purchaser.) 

Ab soon as possible after the delivery of the whole of any consignment ou 
we works, sampleg/or testing will be taken from ten separate bags or jmrcela, 
in different pOBJtions. Equal portions of the several samples will be mixed 
I'^getber, and the cement so obtained will be considered as represenlJitive of 
the nhole oonsignment and tested accordingly. 

"Before gauging the tests the resultant sample shall be spread out for a 
(iBptli of 3 inches for twenty-four hours, in a temperature of 58 to 64 degrees 
Fahrenheit." ' 

Orituliny. — "The cement shall be ground to comply with the following 
usad for heardng [lurpoaoB. bat tlie pruitorti 
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conditions of Kneness. One hundred grammeB (4 on. approx.) nhall be ood- 
tinuously sifted for a period of fifteen minuteB with the following results:— 

'' The residue on a sieve 76 by 76 » 5776 meshes per square inch is not 
to exceed 3 per cent. 

"The residue on a sieve 180 by 180 = 32,400 meshes per square inch is 
not to exceed 18 per cent. 

'* The sieves are to be prepared from standard wire, the siase <>f the wire for 
the 5776 mesh behig 0044 inch, and for the 32.400 mesh, "002 iuct The 
wire cloth shall be woven (not twilled), the cloth being carefully mounted oix 
the frames without distortion. 

'* The specific gravity of the cement, when fresh burnt and ground, shal - 
not be less than 315 or 3*10 when it can be preyed to the satisfaction o^ 
the engineer (or of the purchaser) that the cement has been ground fo ' 
four weeks." 

The cement shall be delivered in packages marked with the maniL^ 
facturer 8 name.^ 

Chemical Ckmijxmtioti. — "The cement shall comply with the following^ 
conditions as to its chemical composition. There shall be no excess oft^ 
lime; that is to say, the proportion of lime shall not be greater than v^ 
necessary to saturate the silica and alumina present.' The percentage o9 
insoluble residue shall not exceed 1*5 per cent. ; that of magnesia shaU notd 
exceed 3 per cent. ; and that of sulphuric anhydride shall not exceed J 
2*75 per cent. 

"The (Quantity of water used in gauging shall be appropriate to the ^ 
quality of the cement, and shall be so proportioned that when the cement is 

gauged it shall form a smooth, easily worked paste, 
that will leave the trowel cleanly in a compact mass. 
Fresh water shall be used for gauging, and the 
temperature thereof and that of the test-room, at the 
time the said operations are performed, shall be from 
58 to 64 degrees Fahrenheit. The cement gauged 
as above shall be filled, without mechanical ramming, 
into moulds of the form shown in fig. 88, each mould 
resting upon an iron plate until the cement has set. 
When the cement has set sufficiently to enable the 
mould to be removed without injury to the briquette, 
such removal is to be effected. The briquette shall 
be kept in a ilamp atmosphere for twenty-four hwrn 
after gauging, when it shall be placed in fresh water 
and allowed to remain there until required for breaking, the water in 

' Any purchaser wishing to have the cement delivered in sealed bags, or in bags of 
any certain size, should so specify at the time of ordering. 

- The proportion of lime to silica and alumina shall not be greater thao the ratio 

CaO 

(calculated in chemical equivalents) represented by ^.^^ ry7c-=2'85. Hie molecalar 

weight of lime =56 ; silica =60 ; alumina = 102. 




Fio. 88.— Standard 
Briquette. 
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vhioh the test briquettes are submerged being renewed every seven days and 
the temperature thereof maintained between 58 and 64 degrees Fahrenheit. 

" BriqueHet of neat oement of the shape and dimensions shown in fig. 88, 
having a minimum sectioD of 1 inch square, shall be gauged for breaking 
st 7 and 28 days respectively, six briquettes for each period. The average 
tensile strength of the six briquettes shall be taken as the accepted tensile 
strength for each period. For breaking, the briquettes shall be held in 
strong, uetal jaws of the shape shown in fig. 89, the briquettes being 
■lightly greased where gripped by the jaws. The load must then be steadily 





Fio. 8S. — Standard J&ws for Briquette. 

^>id imifbrmly applied, starting from zero aud increasing at the rate of 
1^00 lbs. in twelve seconds. The briquettes shall bear, on the average, 
*^«t less than the following tensile stresses before breaking : — 



7 days fio 



I gauging, 400 lbs. 
500 „ 



lie increase from 7 to 28 days shall not be less than : — 

26 per cent, when the 7 days' test falls Itetween 400 to 450 lbs. 
20 ,. „ „ „ 450 to 500 „ 

16 .. ,, „ „ 500 to 5S0 „ 

10 „ „ „ „ 550 to 600 „ 

5 „ „ „ is 600 lbs. ur upwards. 
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^ The cement shall mbo he tetted hj means of hriquettes prepsrod from one 
part of cement to three parts hj weight of dry standard sand, the briquettes 
being of the shape described for the neat cement tests ; the mode of gauging, 
the filling of the moolds^ and the breaking of the briquettes shall also be 
similar. The p ropor t ion of water used shaU be soeh that the mixture is 
thorooghl J wetted, and there shall be no superihioos water when the briquettes 
are formed. The cement and sand briquettes shall bear the following tensile 
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7 dajs from gauging 150 lbs. 
28 ',, „ 250 „ 

The increase from 7 to 28 days diall not be leas than 20 per cent 

" The tlamdard mtmd referred to is to be obtained from Leigh ton Buzzard. 

It must be thoroughly washed, dried, and 
paaned throogh a sieve of 20 by 20 meshes 
per square inch, and must be retained on a 
sieve of 30 by 30 meshes per square inch, 
the wires of the sieves being -0164 inch and 
-0108 inch in diameter respectively. 

" There shall be three distinct gradatioos 
of mUing time^ which shall be designated as 
Quick, Medium, and Slow.^ 

" Quick : The final setting time shall be 
not less than ten minutes nor more than 
thirty minutes. 

*' Medium : The final setting time shall be 
not less than half an hour nor more than 
two hours. 

" Slow : The final setting time shall be 
not less than two hours nor more than seven 
hours. 

** The temperature of the air in the test- 
room at the time of gauging, and of the 
water used, shall be between 58 and 64 
d^rees Fahrenheit.' 

" The cement shall be considered as finaUy 
set when a needle of the form shown in 
fig. 90, having a flat end y^ ^^^^ square, 
weighing in all 2^ lbs., fails to make an 
impression when its point is applied gently 
to the surface. 
"The pats shall be mixed as previously described. 
" The cement shall be tested by the Le Chatelier method, and shall in 

h*l/be^^*"S*!F**^"^^ *'**^ setting cement is required the minimum time of anal setting 
• Ths limiU of temperature are applicable to the British Isles. 
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Fig. 90.— Needle for Cement 
Testing. 
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no Gaae show a greater espansion than 10 raillimetres after twenty-four hours' 
aeration and 5 raillioietrea after Beven days' aeration. 

"The apparatus tor conducting the Le Chatelier test (fig. 91) oonsists 
of a small split cylinder of spring brass or other suitable metal of O'b milli- 
luetre (-0I9T inch) in thtukncsa, fonniiig a mould 30 millimotres (l-^g inches) 
internal diameter and 30 millimetres high. On either aide of the split are 
attached two indicators nith pointed ends AA, the diataiiue from these ends 
to the centre of the cylinder being 165 raillimetres (6J inches). 

" 111 conducting the test, the mould is to be placed upon a small piece of 
glssB and filled with cement gauged in the usual way, care being taken to 
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Flo. 61.— Apparataa for Le Chatelier Test. 

yep the edges of the mould gently together while this operation is being per- 
■Ibmied. The mould is then covered with another glass plate ; a small weight 
I.JB to be placed on this, and the mould is then to be immediately placed in 
«t«r at a temperature of 58 to 64 degrees Fahrenheit and left there for 
Ltweaty-four hours. 

" The distance separating the indicator points ia then to be measured, and 

iLe mould placed in cold water, whioh is to be brought to boiling point in 

:en to thirty minutes and kept boiling for six hours. After cooling, the 

diatance separating the points is again to be measured. The difference between 

the two measurements represents the expansion of the cement, which must not 

exceed the limits laid down in this Hpecifluutiou." 

^1 The foregoing tests shall, as far as possible, he made within fourteen 

^B^ays from full delivery of each consignment of cement, and any conaign- 

^Btaent, the samples of which do not prove satisfactory in testing, shall 

be rejected. 

Sotne of tlic test briquettes made as described above will be kept intact 

fur a period of six weeks, and these will bo examined from time to time. 

^Should any uf them show signs of cracking or disiiitcgratiDn within six weeks 
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>utc.^.m ii.i.*n i.-K i#r jtji Zt.'T-i, Liii L;i:ii -uixs & r!L:iir jiri cc lie ad;gTCgmt» 

Tijt j*.;*r J V ''•» -t-Ttnl^ :r:'rir»*i t liiii zrrcer zr:ccro:ii :£ cecufs;. and the 
"»Vj^ t'.rrn^c '^T^r 'Ji^^ •zr.t*a fry. T^iia. v^u^r is 30 c« &Sitfi, apfilied 

ti/iu^si '»*f., ''/i ::j'^ u*j'j>xjl\ i* :i»* ;^:Bi:r*:* *.: :e ip*pi:isuc iiattl perfect incor- 

Tt»^, ; .*4f.*:/ .f v^;:.^ ueii ai-ist :< i,ifii:ia2e ^? IrEi: the coocrete to a 

yp/-yA« </>rj4itt'>r,, of iL^ ojcsL*Zkzjzj of sCizj?. Tber* siaat not be anj exoesSi 
itif-mt^taf 9taf'Jt *^ v-^ild wtAh ir.-e c<tai«i: from :a* j^;z7%%:aie.* 

f r> wtrAj 'W'ukthtr knltar/I^ scraeLi &re u> be poiTideti t«* prevent lossof cementw 

in fr*Mj w«^th#^ no concrete is to be prepared without definite sanction 
aiyJ nudtsr ftj[/j/rof;riate fy^ndiiirmii.'' 

So tumcrtsU: i^ iff \jih allowed to stand after being mixed, but must be used 
forthwith. It rnay not \f^ thrown into foundations from a greater height than 
itit^if and it niijAt he de[K^ited in such a manner as to secure homogeneity 
and iM>ui\tiitiUuinH. 

iUmnttiiA work nhall, as far aa practicable, be carried on continuously in a 
%t\t\t*n of liiyftCM not <;ic<jedinj< 3 feet in thickness, extending over the whole of the 

' III vli w of iiHHlMrii iriflthrKiH of treating the cement prior to delivery, this clause is not 
HOW jtfuiMWMlly iira'ftwMry. 

• TliU niiplleii to iroticmte lumd in situations free from water. For deposition under 
witUir, NiKtnUl iiittuNurnn lire nw|uire(i which cannot lie corered by a general specification. 

■ Miu'h AH tlm UNii of v«ry wtM water and, iiostibly, of sugar. The work will also require 
iHiviiriitK. 



Where this is impossiltle, the higher |>art of it must lie rucked or stepped 
da^mmrdB to meet the lower, in steps about 6 feet high by 2 foet broad, and 
rertiial joiot* must be avoidiid unteaa necessitated by particular requirements. 
Tbe scum arising froni the concrete ia to bo allnwed to drain anny, and 
tny that settles on the surface of a layer is to be carefnily removed. After a 
hyet has si^t, for which purpose two days must be allowed, an additional Inyer 
may be deposited, but not before the surface of the former layer baa been well 
picked, washed with clean water, and brushed. 

The surfaces of all brickwork, masonry, or concrete, on or agaiust which 
cftncrece is to be laid, must be thoroughly cleaned and wetted immediately be- 
fore the concrete is applied. 

All wooden moulding boards are to have their surfaces paid over with 
ml, or a suitable eomposition, to present the concrete from adhering to them. 

The ei|)oaed surfaces of all concrete work must present a fair and smooth 
appearance where such is desired, and any superficial irregularities must be 
mK<]e good with mortar composed of 1 part Portland cement to 2 parts of 
clesui, sharp sand. 

■Where a facing of higher quality concrete is to be worked on to a lower 
quality backing, the division between the two portions is to be formed by a 
movable hand shutter. The two (lualities (as 8 to 1 and 6 to 1) are to he 
depoeiled simultaneously and the shutter gradually raised, so that there may 
be thorough incorporation and the absence of any break or joint. 

I Jn»pec/M>Ti.— Finally, it may be observed that owing to the dependence of 

I'lMMind concrete upon perfect manipulation, both in miiing and in depositing, 
I too muuh stress cannot be laid upon the deeirability of appointing a trnst- 
•orUiy and competent man to personally supervise all concreting operations. 
In the case of work done by contract, it is a most easential step ; in this way 
alone can the character of the workmanship be guaranteed, and without that, 
the best materials may prove practically worthless. 

At a matter of interesting comparison, the conditions Inid down in a 
wwdem Japanese specification are appended. 

C'ONCKBTB IN filiOCRS AT OSAKA HarBOUR WoHKS, JaI-AN,' 

The proportions of the concrete were as follows ; — 

Portland cement, . 25 lbs. to 1 cubic foot of sand. 

Gravel, . Si'' 

Since each block contained 120 cubic feet, the correaponding ingredients 

1500 lbs. 

60 cubic feot. 

90 cubic feet. 
S«. C.S., vol. liv. ; 




no 

°MMptf id tibe coKBi vcre taken feoB 3 per cent, to 5 per cent of 
tke berreii of evcrr cvfa Eztncts &om the prindpel clanaeB of the 
fpeex&ftUOD are es foflovs: — 

CVi*.m/ ilwrfjpiii. — ** If a smple of cement riiows by chemical analysis 
that it coatains ekher more than 1 per cenL of anhydrous anli^aric acid, or 
a trace of cakxam solphidey or more than 3 per cent of magnesia, or more 
than 4 per cent, of ferric oxide, or that the hjdranlie index n less than 42, 
the cement sball be rejected.* 

Settimj. — ^Cements vhich begin to set in leas than one hour or finish 
•etting in leas than three houn or later than twdTe hours, shidl be rejected." 

Temdle Strmgtk. — ^Tbe tensile strength of the neat cement briquettes 
after scTcn days shall be not less than 385 lbs. per square inch, and after 
tventy-eight days not less than 500 lbs. per square inch ; that of the 
standard sand mortar briquettes after seren days shall be not less than 1 10 
IbSw per square inch, and after twenty-eight days not less than 215 lbs. per 
square inch. (The standard sand mortar consists of 1 part of cement to 3 
parts of standard sand.)" 

The sand was obtained at the mouth of the Rirer Tamato; its g^ins 
were clean, sharp, and angular. The sand was screened before being used, 
on a siere of ^inch square meshes. 

No special Tariety of grarel was specified, but it was limited to that from 
sea beaches. It was obtained mostly from the north-western coast of Osaka 
Bay. The particles were hard and clean, but not Tory sharp. They were 
screened between 2-inch and |-inch sieres. 
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BREAKWATER DESIGN. 

Impartance it Breakwaters— Rreimo— The Sea Wave— Form, Hoiglit, and Length— 
Breaking M'avas-Djiiiiniical Value— Measuremeiitof Wbvb Scroke— DynBinometerH- 
Kecunltxl PrHaiires— Ifistonees of Wave Action — Classidoaliiui of Breakwaters— Com. 
pariaoii in Cost of Constructiou and Maintenance and in Efflciencj— Conditions of 
Stability— Stresam in Wall Break waters— Summatioo of Type Characteristics — Ex- 
amples of Breakwater Design at Geuoa, Marseilles, Algiers, Sandj Bay, and Tynemouth. 

Tbb most important work, as also the moiit promiueot and fundamental 
feature, in cuiinection with artificiallj sheltered harbours and roadHteads, is 
the Breakwater- As the name implies, its function is to break up and 
disperse heavy seas, preventing thetn from ejterting their destructive influence 
upon the area inclosed for the reception of shipping. ManifeHtly, then, a 
breakwater must l>e chamuterised b; great strength and Htability. The 
safely of helpless vessels and the efticieiicy of the harbour as a place of 
refuge are bound up in the essential permanence and immobility of the 
break wat«r. 

Before proceeding to an investigation of the principles which underlie the 
deaigti of breakwaters and by which these objects may be attained, we have 
to pose in review the conditions and environment to which such structures 
must conform und the general circumstances attending thoir construction and 
maintonance. 

Regime of Breakwaters.— Stniotnres erected within the domain of the 
emerged for the greater part of their bulk, if not altogether, are 
objected to physical experiences of a nature very different from those which 
) characteristic of structures on land. The fact of immersion materially 
V/modifies the effect of gravity upon a body, reducing its apparent weight to a 
[Tery considerable extent. That this condition must be applicable to mari- 
I' titiie structures ia obvious, unless, indeed, the foundation be absolutely 
I' impervious and there be an entire absence of ducts for the penetration of 
^ water — conditions which, in many cases, are quite unrealisable, and in most 
> imperfectly guaranteed as to render them inacceptable as working 
I hypotheses. The solvent properties of water combined with the extreme 
mobility of iU particles, cause it to act in a moat prejudicial and injurious 
[ manner upon much of the material used in breakwaters, as well as upon the 
mndftlioa itKlf, and these merely mechaDJoal elfecte are supplemented and 
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aggntvnted bv phjsicnl nnd molecular changes, reeulting in deterioratioo m ■ 
strength uiid durability. The intensity of the external forces which make 
for diHriiptioii ia unorinoui}, exceeding beyond all comparisou the power of the 
wind on land stnicturetj Wave agency is a thousandfold more poteut than 
the most intense atiiios|)hcnc movement There are, moreover, insidious 
denizens of (he sea, infesting it b} niilhons, which, by their concerted action. 



Fill. 92.— Section of FortUDd Breaknter. 

nre capiLblo of iniderroining the hardest and soundest building materials, and 
tliat ill the mo«t secret and surreptitions manner, the damage being aa un- • 
suspected as it is irremediable. 

Such inimical natural iihenomena constitute the normal and charaot«rigtio 
enviroiimunt of all ninritimc structures. They are bonded together, as it 
were, in an oH'cnsive alliance to urge inccssnnt and unrelenting war upon 
man's handiwork — sapping, wearing, battering, making subtle inroads and 
open breaches, working now by patient cfTort, long sustained, and now by 
sudden, prodigious fiMits, month after month, year in and year out, knowiog 
neither truce nor iinnisticc. 

The Sea Wave. — Hut by fnr the mightiest of the forces arrayed against 
thelijirlwur iMirricr is thesea wave. This mysterious {iroduct of wind and water 
is endowed with trenicndons disrii])tive [wwer. It acts with all the magnipoteot 
impulse of a huge battering mm, while, at the same time, it is equipped with 
the point of the pick and the edge of the wedge. It is, in fact, one of the 
most complex, the most volatile, the most pertinacious, and the most incom- 
prehensible of natural forces. 

From an engineering point of view, we have little to do with abstraot 
theories of wave formation. Matliematically, the subject is too abstruse for 
any but very accomplished and capable mathematicians, and the intricacia 
of calculation are interesting only aa academical exercises, Many of the 
theories advanced are merely tentative and lack substantial corroboration; 
others, while generally accepted, are still the subjects of speculation and 
inquiry. Thus, no useful purpose would be served by pursuing an investiga- 
tion into the laws and phenomena of water undulation. Students who 
wish to do so, however, may consult the articles on Wave and Tide in ths 
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'Emyi^opedia Britannica or the Eneyclojmdia MelropoHfarw. TI10 late Sir 
Pge Airy, the diatingiiished Astronomer- Royal, also wrote a treatise on 
Tidet and Waves, aud tliis, with the works of Soott Russell and Weber, and 
later, of Wheeler, aSbrd sufficieut scope for reference. 

Yet, while disclaiming any intention of probing into the depths of abslmao 

dilation, we cannot ubatain from alluding in general ternifl to those 

rinciples of wave action which have reference to their physical effects upon 

pneering structures. Such information is essential to an appreciation of 

ihe problems of breakwater design. 

7'eX--a'sU— 45'o'- — i -E: 






Scale of Fttt 
Flfi. 93.— Section of Plymouth BrE»kwater. 



For the present purpose, it siitficea to Btat« that water waves have con- 
ieotljr been divided into two classee, viz., waves of oscillation, without 
Kirtrard motion, and waves of translation, possessiitg it Yet, in spite of this 
distinction — a purely artilicial one, — it aeeniH protiable that all waves are more 
or loss waves of translation, causing the particles of which they are composed 
to ftdTMice permanently to some slight extent, at least. So far as sea waves 
loucemed, tho«e which possess the power of exerting any appreciable 
effect oD the stability of maritime works are undoubtedly waves of the 
.11(1 division. 

Form of Waves.— The formation of storm waves takes place in the open 
Mn, und their inception is, of course, due to the wind. The outline assumed 
u extremely variable, depending Ixith upon the length of the undulation and 
its period, the lastnamed being the interval of time in which the wave 
traverses a distance equal to its length. The crest, or summit, of a wave is 
nded, sometimes acute, and, in either case, it attains a height 
» mean sea level greater than the depth of the trough below it. In a 
1 in the open sea, the profile of a wave perhaps most nearly resembles a 
J curve, the slope directly exposed to wind action being more gradual 
•ad leu steep than the leeward slope. 

Under the conditions of modern investigation, however, as exemplilied in 
_ the researches of Weber, Scott Russell, Enry, and kimi, the hypothesis has 
n advanced that there is an orbital movement in waves, each particle of 
■ whMi th«y are composed purauing a regular geometrical path. The precise 
« of the path dependa upon local cooditioiu. Where the depth of water 
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is sufficiently great, that is, where the depth is at least equal to the length of 
the wave from crest to crest, the motion of the particles of water is lotary 
along the circumference of a circle, as shown in fig. 94. The wave is one of 

I 

/'"i \ 

' i ' 
»*.^^, "** 

Xn-<T' 

_ liJ 

'1; 

• : • 

t\t - 

I ! • 

1 1' 

.---------—--"""■ -Q *"- — — — — — —-.-.« 

I 

I 

Fio. 94.— Wave in DeepJWater. 

oscillation, and each particle completes a revolution, returning approximately 
to its initial position. The profile of the wave, then, is a cycloidal curve traced 
out by a generating circle, which constitutes the orbit of the surface particles. 
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Fig. 95.— Wave in Shallow Water. 



Accordingly, the actual momentary direction of motion of each of the 
particles is independent and variable. Thus, at the crest, the motion is 
horizontally forward ; in the trough, it is horizontally backward ; whilst at the 
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midpoint between these extremes, it is purely vertical. Below the surface 
level the circular paths diminish rapidly to an insensible minutcnees. At a 
depth equal to the length of the wave, tlie displacement of the water particles 
is I3J of that of the surface particles, and at double the depth the ratio is 
reduced to j^i^'s^Tr. 

In ahallow water of uniform depth, that is, in water the depth of which ia 
less than the length of the wave, the orbit of the water particles is approxi- 
mately elliptical with the major aiia horizontal, as shown in fig. 95. The 
centre of the orbit lies slightly above the position of rest. With this exception, 
the same dispositions hold good as iu the previous caae as regards the move- 
ment of the particles. The ellipses of movement become flatter as the 
distance below the surface increases, until finally at the bottom there is 
horizontal motion only. In water which has a depth of only one-tenth of the 
length of the wave, the ratio oF the elliptical axes at the surface is about -^, 
and at nine-tenths of the depth it is ^'j. 

When, instead of remaining uniform in depth, the water in which a wave 
ia travelling becomes increasingly shallow (Gg. 96), the orbits of the particles 
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of water become correspondingly distorted. Owing to the friction exerted 
along the bottom, the major aiia of revolution acquires an inclination to the 
horieontal, which is continually augmented. The wave ceases to be purely 
oscillatory: it undergoes a gradual transformation. The front of it becomes 
steeper than the back, the crest gaining more and more ui>on the trough until 
it actually overhangs. Then it falls forward and breaks into surf. At this 
point the wave is altogether a wave of translation, and the forward motion of 
the particles is exactly equal to the velocity of the wave. It is iu this phase 
th&t waves possess their most formidable potency. 

Any sudden change in the level of the ground over which a wave is 
travelling is capable of producing the disruption of the wave. This effect is 
Dot confined to shallow reaches, but extends to depths as great as 16 to 20 
fathoms, or even more, in the open sea. Thus, on the Herreca reef, seven 
miles from land, bi'eakers are apparent in tempestuous weather in a depth of 
90 feet of water, 

Heigrht of Waves.— The inception of waves being due to the wind, their 
development manifestly depends upon the extent of Hiirfaco acted upon. 
Waves generated without restriction are capable, under propitious circum- 
■tances, of attaining a very high degree of development, botii as regards height 
utd length. On the I.ake of Geneva, for instance, storm waves are stated to 
nacb a height of 10 feet; in the German Ocean, from 12 to 15 feet; iu 
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Mediterranean Sea, from IS to 20 feet ; in the Bay of Biaoay, from 8S U 
feet ; in the ogieii Atlantic, from 30 to 40 feet ; and in the Pacific (off ( 
Horn and the C^pe of (iood Hope) from 60 to 60 feet. Other eatimatea 
much higher uatiire have been made, but it is open to question whether 
have not Iteen influenced by an unoonscious tendency to exaggeration on 
part of the observer, due to the inspiring nature of the spect&cle, or I 
founded upon mistaken and etroneouB data. There is, in Buoh cases, a ati 
and an acknowledged inducement to use picturesque language and to apes 
waves SB "mountains high," to which, of courae, numeriGal values must m 
as possible correspond. Indeed, viewed at close quarters, a rormidable 
of water towering suddenly above the spectator's line of sight, even v 
on the tipper deck of a veaae], can hardly fail to produce an illusory s 
of enormous magnitude and overwhelming menace. So far, howBTor 
unquestionable records go, it may safely be asserted that 50 feet is about 
maximum height attainable by unbroken waves, and this view is euppo 

, '} by the opinions and testimony of Sir George Airy, Captain Scoresby, 

\ other observers. 

' )I The heights of waves breaking against the cliSs and headlands of a n 

, .1 coast do not, of course, come within this category. The summits of colu 

' / of water thrown up by the force of impact attain, as might be expected 

. I much greater altitudes. The effect is particularly notic«able in the cat 

lighthouses and prominences with vertical or nearly vertical faces. Thus 

: The Hague heights of 75 feet, at Bell Rock 100 feet, and at Eddys: 

',.' 160 feet, liave frequently beeu recorded, and Lord Dunraven has obsei 

heights of 150 feet on the precipitous South West Coast of Ireland. 
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sctie BfFttt. 
Fio. 97— Section of HoIyliMd Brnkwater. 

On the basis of the evident connection existing between the developn 
of waves and the generating distance, Stevenson, the eminent harl 
engineer, devised au empirical formula to determine the height of waves f 
the FeieJt, or extent of sea available for the purpose of generatioD. Thkin 



na the height, in feet, of the wn 
he Fouud that a|)[jroximiitely 

or, more closely, for short fetahcs of less thau 30 mi 



aud F a.» the leugth, in milca, of the fetcli, 

. . . (.) 
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The following ioataDues afibrd a comparison of the results of calculatiun 
based upon these formulie, with the values obtained from actuiil ubservation. 









CalouUted H 


eight in Feet. 




Length ot Fetch, 
Niutioal Miles. 


Ob«rv«d Height 
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ofWavesiaPeet. 












Formula (a). 


Formula 10). 


Sell H F1<w 


1-0 


4-0 


1-5 


3 


Pinrof Forth 




1'3 


1-8 


18 


3-2 


^r"- 




7-5 

9-0 


4-0 

4-0 


4-1 
4-6 


4-96 
5-26 


Lo4Ti?»ri; 




B-0 


6-0 


4-5 


6-26 




iro 


6-0 


6-0 


D-7 






34-0 


6-5 


7-5 


7-7 


Lake of Geneva 




30-0 


8-2 


8-2 


8-37 


Bookie 




40-0 


8-0 


B-5 




DooRlM, 1.0. M. 




66-0 


lO'l 


12-0 




Kinptown. 
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16-0 


lfl-0 






166-0 


16-0 


18-3 




Paterhettd . 




400-0 


2S-6 


80-0 





It is manifest, however, that waves cannot attain their full dcvetoprneat 
where there is inadequate depth. No wave can have a height greater than 
the depth of water through which it paasea. Consequently, the intervention 
of shoals in the path of a wave serves to limit its size. Reefs and sandbanks, 
even though entirely submerged, materially reduce the range of imdulation, 
mod the length of fetch must be gauged accordingly. Thus the eiTective 
length of open sea may be much less thaii the apparent leugth. 

But, even with this restriction, the fetch is far from being an exact or 
reliable indication of wave height in every locality. It is true that the 
DUuiraum height attainable can bo calculated therefrom with some approach 
to accuracy ; hut the fact must not be overlooked that winds may not always, 
or often, or indeed ever, blow along the line of maximum fetch. There is a 
stretch of 500 miles of open sea leading to the harbour of Kurrachec with 
unreatrioted depth, yet the highest waves^those from the south west — are 
said not to exceed 15 feet. Other instances might be adduced — such as 
Peterhead in the preceding table— to aliow that the muiimum fetch alone is 
by no meauB an infallible criterion of wave height. There is also another 
point of no slight importance. Not only ia it possible for the severest gales 
to blow from some other quarter of the compuss than that lying in the directiu;^ 



ii8 



HARBOUR ENOmSERIKO. 



of the greatest fetch, but it is also a matter of experience that heavy rollen 
are frequently deflected so as to reach a point on the coast which does not lie 
upon thoir direct path. This is exemplified in the case of a headland and bay 
in fig. 98, and the same effect is noticeable at the pierheads of artificially 
sheltered harbours. Islands also act as pivots in many cases, causing the 
waves to wheel round and break upon their leeward shores. The result is 
due, no doubt, to the retardation produced by shallowing ground upon the 
nearer portion of waves approaching a coast obliquely, or running parallel 
thereto. 

Furthermore, the convergency due to narrowing inlets tends to accentuate, 
to a greater degree even, the eccentricities of wave development. Pent 




Fig. 98.— Deflection of Waves by HeftdUnd. 

between lateral arms drawing gradually closer together, the volume of water is 
raised above the level it would normally assume, and so gives rise to breakers 
of a character equally marked. 

As a corollary to what has been said, it is evident that waves of great 
height cannot reach any coast-line, and, for that matter, any artificial 
barrier, unless there be an unbroken extent of deep water penetrating close 
into them. 

Lengfth of Waves. — The length of waves is a feature which seems to be 
independent of the height, though it is connected in some way with the 
amount of exposure to wind action, and it influences the force of the wave. In 
the Atlantic Ocean waves of from 500 to 600 feet between crests have been 
observed, while in the Pacific they are stated to reach anything from 600 to 
1000 feet 

The length of waves, however, in the open sea is a difficult matter to 
determine satisfactorily, owing to the absence of any reliable linear standard. 
Alongside jetties and piers, the obstacles in the way of exact measurement are 
not so great, and serviceable computations may be made with the aid of 
Bertin's formula. Observing the length of time in seconds which elapses 
between the passage of the same point by two successive crests — in other wcads^ 



the period of the 
leet L,— we have 



3r, fairly approiiumtely, 



I, oalling this period P and the length of the s 
L - 5 P». 



The length of the wave in coiijuiicCion with the depth of water determines 
the speed of movement of the wave and, coojoiutly, the velocity of the 
particles of which it is compoBed. The relationship existing between these 
elements will be discussed a little liter. 

Breakings Waves. — We have now to consider the manner in which a 
wave acts upon any fixed obstacle in its path, whether it be the beach 
upon which it is spent ur an artiGcial barrier which causes its abrupt 
collapse. 

Dealing first with the oscillatory wave, and assuming that It reaches a 
wall or other obstruction having an abrupt, vertical face, we find that it ia 
reflected in the manner indicated by fig. 99. The particles of water in 
contact with the wall (A) move up and down 
through a height which is twice the height of 
the original wave, aa also do the particles in 
the trough (C) half a wave-length distant. At 
a point (B) midway between the trough and 
the wall, that is, one quarter of a wave-length ., , 

from either, the particles move horizontally 

backwards and forwards, while at intermediate points the path of the particles 
is inclined at various angles. The whole motion, in fact, is the inverse of 
that which occurs in the unobstructed wave. 

When, on the other hand, without meeting with any abnipt obstacle, the 
wave advances into rapidly shoaling water, its energy is communicated to 
smaller and successively decreasing masses. Consequently there is a tendency 
t« produce in those masses an agitation of increasing violence. But this 
eff^t is generally dimiuished, and sometimes entirely counteracted, by 
the loss of energy due to friction along the bottom, and to surging. 
On the other hand, the influenco of concentration arising from fuunel- 
sbapcd inlet« is clearly to intensify the agitation, and the same effect 
IB producible by submerged rocks with deep narrow gorges between, in 
passing through which the water is heaped up into maaaos of considerable 

When, however, the bottom friction has produced the necessary retarda- 
tion, the crest of the wave falls forward, as has already been explained, and 
impact takes place at the precise stage at which the forward motion of the 
particles has become equal to the velocity of the wave, so that the stroke of 
the latter ia delivered with maximum effect. 

Talcing all these diverse phenomena into consideration, it is evident that 
I breakipg ^ waves result in the generation of four separate and distinct iorom 
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acting iiidividually atid collectively upon all obstacles and struotures in their 
path. 

(1) A diriKt horizontal force, cxcrtJDg compresBion, 

(2) A dcllcct«d vertical force, acting upwards and tending to shear off any 
projections beyond the face line of the obstacle, whether cliff or wall. 

(3) A vertical downward force drie to the collapse of the wave and 
exercising a [larticularly disturbing effect on mounds in shallow water and 
beaches. 

(4) The suction due to back-draught or after-tow. This also producee its 
most noticeable results on foundation beds, whether natural or artiffciaL 

Applying these unmistakable and fundamental phenomena to the question 
of breakwater design, it will be reeogiiiaed that the forces to which they give 
rise are as follows ; — 

tl) A powerful momentary impact, combined with 
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Fio. 100. — Section of Laixoea Braakwater. 

(2) Hydrostatic pressure continuous for some short period, however minute, 
iifttT the first shock. 

Attending these principal forces there will be several subddiary results, 
such as : — 

(1) A vibration of the whole structure, tending to weaken the connection 
of the variouK parts. 

(2) A series of impulses imparted to the water contained in the pores, 
joints, and interstices of the structure, producing internal pressures iu various 
directions. 

(3) The alternate condensation and expansion of the volumes of air which 
uro eouflncd in cavities and which may be unable to escape freely or not 
at all. 

The exact determination of these stresses is practically impossible. Some- 
thing, however, may be done towards estimating their scope and extent. 
How far this lies within the range of definite and effective calculation is our 
next concern. 



The Dynamical Value of Wave Action.— The difficulties atteudiog 

» dtttivrmiiiALiDn of the [jreciae otfurL cif a wave arc due to several cauaes. In 
the first place, there is the iacompresailjilitj of water combined with the 
' extreme mobilit; ef its particles. Arroatod suddenly in the course of motion, 
it produces all the percussive effects of a solid body in an infinito number 
of direotioDs. No clearer evidence of this could be produced than the 
phenomeDon known as water-hammer. If the outlet valve of a hydraulic 
Bervice-Diaiii be shut dowu abruptly, a blow is adniiuistercd to tjic pipe which 
may be, and often is, sufficient to produce rupture, even at a considerable 
dtstaDce from the outlet, iinleas, as is generally the ease, a relief valve is 
provided to prevent such a disaKtrous effect. 

lu the second place, the wave-stroke is both abrupt and continuous. Its 
first action is a blow, sharp and decisive and of high momentary intensity. 




Fio. 101.— Section of Ymuideii BreuliwaUT. 

This is succeeded by statical pressure during ihc small but perceptible 
interval of time wliich suffices tor the dispersal of the wave, Accordingly, 
there are two phases to be considered : (a) the initial concussion, and (A) the 
subsequent pressure. Usually the question is dealt with entirely as a matter 
of simple, continuous impact, but it should be uutcd ttmt wave action is far 
from being completely identical wiih the unbroken impulse of a water-jet. 

Now, according to the priuoiples of dynamics, the reaction of a surface 
srbjectcd to coniinuous impact is measured by the ral« at which momentum 
ia destroyed. If, therefore, w be the weight of a unit volume of water, — 

is the mass which impinges on unit surface in unit lime, and — - is the rate 
Heuce, if /) bo the pressure on unit 



at which momentum is consimied. 
surface, we have 



(•) 




^'l 




y) 
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Accordingly, if it be poesible to determine the velocity of impact^ the 
pressure momentarily exerted may be deduced from the above relationship. 

Now, the velocity of a wave in shallow water has been found to be nearly 
the same as that which would be acquired by a heavy body falling freely 
from rest under the influence of gravitation through a height equal to th 
semi -depth of the water plus three-fourths of the height of the wave. I 
symbols, 

When the depth of water exceeds the length of the wave, the speed of th 
latter is practically independent of the depth, and is almost exactly equal 
the velocity acquired by a body falling freely through a height equal to on 
half the radius of the circle, the circumference of which constitutes th 
length of the wave. That is : — 

Reverting to the Bret, (a), of the foregoing equations, we may recall th^ ^crAe 
fact that if the velocity of a falling body be expressed in terms of the height .«zf|)(; 
(A), or perhaps, more correctly, the depth below the position of rest, we hav^-^p-y^ 

and, substituting this value for t;^ in (a), 

P^2wh ( ^ ;^ X) 

which leads us to the conclusion that the pressure intensity of a water-jet jg 

equal to the weight of a column of water twice as high as the amount of ft ' - ^ 
fall required to generate the specified velocity in a heavy particle. 

We see, however, that the numerical coefficient in this last expression is 
not applicable to wave pressures, owing to the modifications in the value owzr v 
given above in {f3) and (y). As a matter of fact, the value of the coeffioi^^^^t 
is very variously stated by difierent authorities, so that all that is justifia-"*^^® 
is to write in general terms, 

p = kwh ..... ^v 

where k has a fairly wide range of values. 

Thus, Dubuat gives A; = 1*85 



Rayleigh 




k= 


:l-96 


Mariotte 




k = 


1-25 


Gaillard 




k = 


:1-31 


Joessel 




k = 


:l-62 


Thibault 




k= 


:l-85. 



the average value being 1*6. 

It is to be noted, however, that Gaillard considers the velocity of ihff 
crest of the wave, while breaking, to exceed the velocity of the body of the 



WAve by 30 per cent., so that, if we give effect to this modification, his co- 
•fficietit becomes raised to 233, This value, though much higher than any 

the values oF the other cxpenmeiitAlists quoted above, is uot without 



lellicients ranging 

all based on the 
br to the surface 
. an angle a with 
and, according to 



aapport from the observations of Bidone, who obtained 
from 1'5 to 2'3 for the [irussure of water-jeta, 

The values assigned to & in the foregoing equation ari 

lumptioH that the line of action of the wave is perpendici 

which it impinges. When the line of incidence make 

tile surface, the coefficient undergoes further modiiicution 

Lord Rayleigh, k becomes 

2gir Bin g 
S + JfTTSiu a. 

When a, = 90° it will be noticed that this expression becomes ^ppro^iimately 
3, which, to a certaia extent, coincides with tho value of k given previously, 

One point of interest about tho fundamental equation p = k>eli is that it 
may bo written 

P-Jx2J„4; 

and since v, the weight of salt water in lbs, per cubic foot, differs imper- 
ceptibly from the value of 2g, the equation becomes practically 

P = 2k,jli; (i) 

or, giving it its mean value of say 1 '6, 

C-32»t (,) 

which is also transformable into 



p= 1-6(7= 



(«) 



Measurement of Wave-stroke.— it is a 

' no applinuces are available for satisfact<iri 



. matter for regret that few 
ily comparing the results of 
'theoretical calculation with actual pressures. It is true that various kin<)B 
^«t apparatus have been coutrived for the espresa purpose of registering the 
mrnpressive force of the wave-stroke, but for certain reasons these records 
inot be considered an absolutely reliable criterion. The recoil of a spring 
js tuT from being a satisfactory method of gauging the colliding force of 
incompressible bodies. The very elasticity of the spring robe it of one of 
&e most characteristic features of the ideal breakwater, and the retreat of 
the surface plate before the impulse of the wave is not in accordance with 
Mtual conditions. The real intensity of the blow, in fact, lies iu the absence 
of yielding in either body. Theoretically, the effect of such impact is infinite, 
and in practice it must often far transcend the imperfect records of a none 
too sensitive spring dynamometer. 

Furthermore, the assumption of uniform distribution of pressure involved 
in such means of measurement is untenable. Wave power is at least as 
wbtle and irregular as wind pressure. Waves strike hardest iu i 
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plocca at. uncertain intervals. The location of tb« dynamometer may or may 
not coincide wich these places ; in any case, it la a matter of mere hazard and 
surmise. 

Yet, imperfectly aa they realise ideal conditions, instrmnents of this class 
are as yet the only avaikble means uf obtaining practical data in r^ard to 
the force of waves. Stevenson's appiratus is perhaps the beat known. It 
is illustrated in lig. 102. Several im- 
provements have been contrived since 
it was first designed, but in principle 
. it consiBts of a flat disc, perpendicular 
to which, and behind it, are arranged 
four rods passing through a Grmly fixed 
cylinder. The disc is set fronting the 
sea, and when it is siruck by a wave the 
rods are forced back simultaneously 
through the cylinder, thereby extending 
a spring connected with the front of the 
, latter. On each rod is a leathern ring, 
which, prior to movement, is in contact 
with the back plate of the cylinder. The 
passage of the rods through this plate is 
unrestrained ; but the rings cannot pass, 
and so they ore forced along the rods. 
When the latter resume their original 
position under the recoil of the spring, 
the distance travelled by the rings is a 
measure of the intensity of the blow. 

An instrument on these lines, but 
with special fisatures, was constructed a 
short time back by Messrs W. H. Bailey 
and Co., Ltd., of Manchester, for use 
on the coast of Japan. It is illustrated 
in fig. 103. The principal modification 
consists in placing the instrument on 
trunnions with a swivel base-plate, so 
that it may be adjusted both horizontally and vertically to any desired angle. 
A pencil attached to the iudei-rod and a revolving drum, enable the record 
to be kept graphically over a continuous period. 

The calibration of these instruments is effected in the same way as 
ordinary spring balances; that is, by the imposition of dead loads. This 
method is open to the objection already stated, that statical pressure is quite 
a different thing from dynamical force, and a more appropriate system would 
be to calibrate by means of falling weights in units of kinetic energy. Yet, 
even then, there would be the difficulty of the conversion of these last into 
their statical equivalents. No satisfactory solution has yet been put fiwward. 




Section. 

Pio. 102.— SteveiiEon's Wave-stroke 

DynaraomBter. 



A dynamometer, lately devised by Major Gaillard of the Corps of 

£iigmeen9 of the U.S. Army, ]>oases8e8 a cylinder fitted with an elnetio 

I diaphr&gm and tilled with liijuid, vvliiuh is in coniinunicatiou with a gauge, 

' Tlie mobility of the fluid particlea emtblea the wave-stroke to be administered 

_ with less loss of ener^ thikn in tlie case of the solid plate, where the inertia 




Builey's Wuvo-atroke Dynamometer. 



iJut the appliance ie obarocterised 
th actual couditions, to which attention 



of the moving parts has to be o 

by the same abeenoe of conformity « 

has already been drawn. 

The maximum pressure aetually recorded by the marine dynamometer 
does not appear to have exceeded 3^ tons per square foot. At Skerryvore 
(in the Atlantic) a pressure of from 2^ to 2J tons jter square foot has been 
ofaMrred j at Bell Rock (German Ocean) 1 ^ tons ; at Dunbar (Eaat LothianJ(, 
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3} tons ; and at Buokie (Bonflshire) 3 tons. StQTenatm noted tlut ttie force 
of impact on & rising slope is six times as great as the preesuie on & flteep wftU. 
Some inferential records may be adduced in confirmation of the above. 
From experiments made with concrete blocks sliding upon a well-wetted 
concrete floor, Mr Shield determined a frictional coefficient of 7. In I89I, 
a section oF the breakwater at Peterhead, weighing 3300 tons iQ a single 
mass, was slewed bodily to the extent of 2 iDches, without an; dislooation of 
the Bubetructure. The waves, therefore, must have exerted a pre«ure of 




Fio. 104.— Sootioti of Uadna Breakmtat. 



over 2310 tons, which, upon the surfoce exposed, works out to an average 
pressure of rather more than 2 tons per square foot.' 

At Penzance, Mr Frank Latham has noted pressures of from 18 to 
20 owts. per square foot. At Cherbourg, wave pressure is stated to vary 
from 5 to 7 owts. per square foot. 

Examples of Wave Action. — Noteworthy instances of wave action 
are numerous, and many of them remarkable to a degree verging on the 
incredible. At Genoa, in 1898, blocks of artificial stone weighing 40 tons 
each are said to have been driven a distance of over 1 GO feet.^ At Wick, in 
1873, a huge monolith weighing 1360 tons is recorded as having been removed 
bodily from its seating, and deposited intact some coo&idenible distance away. 
Another enormous mass of 2600 tons at the same place was broken into two 
pieces and similarly displaced.' Yet another instance is afforded by the 
movement of the 3300-ton mass at Peterhead, already alluded to. 

Storm at Genoa. — It will not be without interest to consider, in some 
detail, the description of a great storm which damaged the breakwaters at 
Genoa in 1898. The following account is condensed from the report of M. 
Bernardini to the International Maritime Congress at Milan in 1905. 

The maximum fetch at Genoa is about 600 nautical miles, and the sector 
of exposure has an angle of 30° open to the south west. 
' Jfin. Proc. Lid. C.K, vol. ciixTiiL p. 400. 

' BeniardiDi oti the a&lliera Mole, Froe. Irat. Nav. Oattg. Milan, 1>06. 
' Min. Froe. IiuL C.S. vol. xliii. 



BREAKWATER DESIGN. 

Od the evening of 26th February 1898, after several days of rainy 
weather and rough eea, both wind and waves became suddenly intensified. 
The gale augmented in violence as night advanced, reaching its maximum 
shortly after midnight. The wave crests, mounting higher and higher, 
finally leapt over the parapet of the Galliera mole and fell upon the inner 
quay. The light at the pierhead waa visible until 3 a.m., when it suddenly 
went out. Although, aa M, Ueruardini admits, it nas easy to confuse the 
spray with the wave itself, and the grandeur of the scene was a temptation 




Flo. 10B, — Harbour of QecoB. 

towards exaggeration, it can certainly be said that the colunins of water 
thrown np by the force of the waves, aa they broke against the mole, attained 
a height of 65 feet during the early hours of the morning of 27th November. 
This is without taking into account a few small columns here and there, 
which rose lo mucli greater heights — at least 100 feet. The height of the 
waves themselves is estimated from careful oteervatiou to have been about 
25 feet. 

It is curious to note that, contrary to what might have been expected, the 
atmoqiheric preaaare did not fall in proportion to the unusual violenoa of the 
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gkle. In fact, the diftgr&m recorded by the local hydrograpUic bureau indi- 
oates tbat the minimum pressure was attained on the night preceding tl»ia 
greftt stonn, whiuh exceeded all previous memorablo Btorms in intensily. 

The breakwater at Genoa is goiaewlmt uf the atiape of a slightly disUirt^d 
Z, and is divided into two sections, known as the Nuovo mole, adjacent to tb* 
shore, and thr- linlliem mole, further out. The Nuovo mole is 2950 feet long. 




while thu Galltera mole conipnses two 
respectivelv In all the breakwater is s 
wrought by the storm was as follows 

Of the Nuovo mole a length of rathe 
portion of the sea hod its foundation laid bare, both the natural and artificial 
protection blooks being swept awiiy and the front apron demolished, so that 
the foot of the wall lay exposed to the full ellect of the waves, The nature 






Ds 2155 feet and 2766 feet Ion 
lie and a half long. The damage 



>ver 800 feet, flanking the deepest 




of this transformation is indicated ii 
mole both prior and subsequent to the hi 

The Gailiera mole had never suffered in any way from the freijiient soiith- 
westerly gales lo which it had been exposed during the ten years of its 
existence preceding the storm of 1898. AU Chat had been necessary was to 
renew from time to time the cement coating which had been applied u S 
preservative to the artificial blocks lying alwve water. \Vlien, therefore, I 
atonu broke, every part of the mole was in perfect repair. 



inring the early hours of Lhe morning of 27th November, despite the fact 

ike outline of the mole weis almost completely obscured by foam and spray, 

belter wall of the outer arm was observed to be split into several sections 

distance of 600 feet from its junction with the inner ami. Some of these 

ns had merely shifted in position, but others had been completely over- 

d on to the inside quay. As the day ad- 

d the breach was extended, until eventually 

1 65 feet wide, the wall continuing to break 

and small (lortions of it to be sivept into 

irboiu'. Fig. 109 ia a plan of the damaged 

m, and figs. 110, 111, and 112 

ns at various points. 

I the first length, A.B., for a distance of 

230 feet from tiie commencement of the 

the pitching or covering of artificial stone 
I was torn off to depths varying from 6 feet 
bes to nearly 20 feet, the blocks 
being deposited along the outer slope, a 
ler cases projected a long way out on eii 

The protecting apron was com- 
f swept away, but the founda- 
>f the mole structure was not 
[ed beyond a few cracks near the - 

which were neither large nor I 




I the length B.C., the topmost -, 
I of artificial blocks of stone ■ 
rerturned, and the lower courses J 
jlislocated and partially dama^'ed. T 
belter wall was broken into five ; 
tous blocks, of which four were '■ 
i parallel to their original posi- 
md one (number IV- on plan) was 
i on to the quay. Detailed particulars of 
looks are as follovrs :— 



^ _ _ '_ 

the length CD. the shelter wall was entirely demolished and the 
|^Jd|dB disturbed, though not to the extent experienced ia the. 
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omiug sections. One chanicteristrc feature of the damage waa the dia- 





■ Tuplion effected by the air compressed within and below the masuiiry, wliich 
I Oiiued the latter to be projected upwards ua if by exploaiou. 

Several of the urtiGciul bluclm, laid as )ieaders in the upper course, were , 
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displaced in a manner which deseryes attention. They were found leaning 
against adjoining blocks, as if they had been acted upon simultaneously by 
two forces, one vertical and the other lateral. 

Throughout the undamaged section of mole, the protection blocks were 
set back about a yard. One bollard, struck by a portion of falling shelter 
wall, was sheared flush with the quay level. Several blocks of concrete, each 
weighing about 40 tons and having a volume of over 600 cubic feet, were 
driven a distance of 165 feet. This movement^ of course, could not have 
been accomplished by any single stroke, but must have been the cumu- 
lative effect of repeated blows. 

Storm at Bilbao. — Equally remarkable is the account of the damage 
wrought by a storm on the last day of the year 1894 at the port of 
Bilbao. 

On that evening the action of the waves became so violent that the whole 
mass of protecting blocks covering the breakwater was completely carried 
away. These blocks had each a volume of 39^ cubic yards and a weight of 
over 60 tons ; they had been laid with the greatest care in contact with one 
another, formiog an apron to the superstructure 26 feet by 16 feet, and 
consisting of two rows in width and depth alike. The toe of the super- 
structure being then unprotected, the latter work was soon undermined and 
demolished. The most striking feat of the storm, however, was the removal 
of a large monolithic mass of 1046 cubic yards volume and 1700 tons weight 
placed at the extremity of the breakwater : it was carried a distance of 105 
feet into the interior of the harbour. 

These instances suffice to exhibit the vagaries which attend a demonstra- 
tion of wave power by nature in her more violent moods. We pass on now 
to an application of these facts to breakwater design. 

Classification of Breakwaters.— Practically all breakwaters fall 
within the limits of two types, the respective characteristics of which are 

(1) the heap, or mound, and 

(2) the wall. 

The former of these is a heterogeneous assemblage of natural rubble, or 
undressed stone, in pieces of varying size, supplemented in many cases by 
artificial blocks of bulk larger than can be conveniently quarried in the 
natural state, the whole being deposited pell-mell, without any regard to bond 
or bedding. 

The latter involves in whole, or mainly, the construction, in a re^lar and 
systematic manner, of a masonry or concrete wall, with vertical, or nearly 
vertical, faces. 

Subsidiary classes form a series of gradations between these two distinctive 
types, so that strict lines of demarcation are not always easy to draw. The 
combination of wall and mound in varying proportions constitutes indeed, by 
far, the bulk of instances in modem practice. Sometimes the mound pre- 
dominates and is simply capped by a slight superstructure of regular 
masonry, as at Algiers and Oran ; in other cases, it is reduced to a minimum, 
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Miming a mere foundation layer tor a. wall of massive and siibBtautial 
'portions, such as is exemplified at Yniiiiden and Zeebniggc. 
The advantages and disadvantages attaching to each of the two principal 



types may be considered under the heads of (1) Cost of Const ruction, (2) 
Cut of Maintenance, and (3) Efhciencj. 

Cost of Construction. — As regards the first point, much, of course, 
depends upon the locality of the breakwater and its coastal environment. 

Where stone is plentiful and quarries lie conveuleutly adjacent to the 
lite, tbe rubble mound will commend itself on account of the facility with 
whicii it can be formed, and the comparative economy resulting from the use 
ot undressed stone, with ita attendant uuHkilled labour, ijnch wus the case 
U Portland, where there was not only au abundance of stoue, but also a 
pntL'tically unlimited supply of convict labour. 

In the absence, however, of these essential conditions, and provided the 
depth of water be not great and the foundation be sutiiciently firm, the wall, 
involving, as it does, a much less (]uantity of material, will be found preferable. 
Espeoially will this be the case where skilled labour happens to be plentiful 
Uti cheap. Even the difficulty of a defective foundation may be overcome 
by une or other of several eipedients without perceptibly iilteriug the relative 
positions. But where the sea bottom lies at a groat depth, the superior 
economy of the pure wall cannot be maintained. 

Taking (merely Cor comparative purposes) the cost of rubble stone at the 
quarry at say eighteen pence per ton, and allowing IJ to IJ tone to the cubic 
ytrd of stone, in *iVii (after deduoting 20 to 30 per cent, for interstices), the 
total cost of obtaining and depositing a rubble mound luider favourable 
•ocditions may be stated itt from Ss. to 38. 6d. per onbic yard of volume.' 
ftiis, of course, applies to nntural rubble deposited at random in the body of, 

t at the rubble mound at Holyhead rangeil from Ss. 3d. to Sa, 7d. per tan, 

l»oe. TbecoBt of quarrying wiiB 9d. jiar ton. 
At Skuify Bay, U.S.A., Is. 9d. [wr Ion wts paid for urdiusry rubble deiXMiteil t* nlu ; 
iriloolCB, Bver&giiif; & tuna, were nloi at Is. lOd. 
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and forming the bulk of, ihe breakwater. Larger and special material for 
protecting the surface slopes will run to Gs. and Ts. per cubic yard. Possibly 
4a. or 5s. (ler cubic yard might be taken as an average all-round cost for the 
whole. 

For dressevi masonrv or concrete work, either in the form of blocks or in 
bulk, set mainly below the water level, it is difficult to assess a rate without 
a full knowledge of the circumstances and resources at disposal ; yet it would 
be ui\justitiable to imagine the work as capable of being carried out at a lower 
rate than 28. a cubic foot, and it might easily attain a very much higher 
figure.^ Even this minimum rate is from eleven to thirteen times that of 
lubble work, so that, ceteris ;«n^w, the bulk of the mound would have to 
exceed the bulk of the wall in something like the same ratio before it ceased 
to be the more economical method. 

The cost of composite breakwaters combining a foundation mound with an 
upper wall will, of coureo, lie Wtween both extremes, and probably, in the 
minority of cases, it will prove to be rather more than half the cost of an 
equivalent upright wall. 

Actual examples atfording any d^nc^e of serviceable comparison are difficult 
to quote, ivs so much depends upon the particular circumstances and con- 
ditions of each case. It would, in fact^ be necessary to go very minutely into 
detail in onler to estimate the relative value of each variation from its funda- 
mental tyiH\ and« aj^art from this, no effective comparison could be made. 
All that can U' said is that break waiters have cost anything from £bO to £400 
per lineal foi>t. The lower limit appertains to minor structures only. Among 
those of greater imix>rtance may be cited the following. Portland breakwater 
cost approximately £130 per foot run; Holyhead, £160; Colomlx), £170; 
Alderney, £235; Plymouth, £300; Peterhead, £300 «; and Dover, £370.* 
Other instances will Ih) found in connection with their detailed descriptions. 
Cost of Maintenance.— A comparison of the expenditure upon upkeep 
of the wall and the mound admits of only one conclusion. 

The wall, provided it be carefully and properly constructed in the first 
instance, calls for no further attention save for such rare and occasional 
damage as results from some storm of exceptional severity. 

The mound, on the other hand, is peculiarly susceptible to the constant 
fretting and attritional action of waves. Concussion and back-draughty or 
suction, constitute two alternating forces continuously and incessantly at 
work, even in times of moderate and calm weather. Rough rubble is smoothed 
and rounded by repeated movement, until it is easily sucked out of position 
and rolled away. The surface slopes thus become gradually less steep, while 
the flattening correspondingly increases the power of the waves, converting 
them more and more from the oscillatory into the translatory variety. The 

^ Particulars of ashlar work at Holyhead breakwater : Runcorn sandstone below zero, 
2s, lid. per cubic foot. Anglesea limestone below zero, Ss. 5id. per enlnc foot. Roncoru 
1* bove zero, Is. 9d. per cubic foot Anglesea limestone above zero, Ss. S)d. per 

«te ; estimates only. 



I uUimat« dispersal of a rubble mound left entirely to itBelf m only ii matter of 

■ time. The preservation of a motiad breakwater ueceaiiitatus, tliereforo, a 

■ ooastant rcpleuiahment of material.' 

I The pitching of seaward slopes with ashlar work, or with massive concrete 

I blocks, goes far to neutralise the destructive action; but the protection 
afTorded in not always complete, and in eases where it has proved effectual, 
the result has only been attained by a much greater outlay than could 
justiHably be assigued to the formation of a simple rubble mound. 

EfflciflDCy. — The efficiency of a type is, after nil, the consideration of 
greati-st importance. Cheap construction and niaiHtenauoe, though points to 
be carefully weighed, must inevitably be subservient to the attainment of the 

L object ill view. 

I The wall, rising up sheer from a sea bottom below the nme of disturbance 

■ with its exposed face vertical, or practically so, receives the wave before any 
H oouversion of oscillation into trauslation can take place. The wave is de- 

■ flevled upwards, and it falls buck and down upon a bed of water too deep to 
k permit of any deleterious influence upon the foumlation. 

■ On the rubble mound, with fiice slopes of 1, 2, 3, 4, and 5 to 1, the stroke 
^Ulf the converted wave is delivered with powerful and inimical e£fect — not 
^onlf as regards the breakwater structure, but also the area which it incloses. 

The mass of water rushing up the seaward slope eventually falls over the 
crest, beating down upon the inner face and lending to effect a breach whith 
must ultimately lead to serious results. Fiu'thermore, even if the wave do 

»tlot Burmount the crest of the mound, the undulations of the sea are trans- 
mitted through the interstices of the stone mass and the harbourage itrca is 
kept more or less in a state of agitation. This action will be the more 
erident as the stones or blocks are of greater size, involving vacuities of 
corresponding maj^ilude. Amid large-sized artilicial blocks deposited irregu- 
larly, the voids will amount to at least 25 or 30 per cent, of the whole ; and 
L KS these blocks are employed to crown the majority of mound breakwaters, 
■.the protective value of the type fails considerably below that of a wall,''' 

In order that a composite breakwater may possess tlie efficiency of the 
wall, it is necessitry that its superstructure should commence at a depth of at 
least 5 fathoms, otherwise the back-draught of the waves i 
undermining influence upon the nibble foundation. The peculiar dra 
attaching to this class of breakwaters is ihat due to irregular settlement, 
whereby the superimposed wall ia liable to be cracked and fissured. This 
point will receive further notice in the next chapter. 

From the foregoing remarks, it will be seen that no absolute preference 

' There is, ua nih;tit be expected, iDiuiidenble variatiDn in coit at diSurant lucalities. 
The maiatenaDce of the mound at Hni;rhead isstutod to bu Is. 3d, iwrliiiear foot per annum ; 
at Oenoa it ia 7s. ; at Naplei ISs. ; wliilc, (luring a cerCaia period, tlie Al(l«niey bnukwateT 
■iavolred »u inpeniiiture of from 25a. tu 46a. This, however, w»fl quite »o nbnormsl 
iparionce. The renewal of lurge artilicial blucks on the seaward alal» of Cette formn an 
mnal ebirgc of 2»s. per foot run. 

" At Marseilles it hits been found that eitemil waves 3 feet Uigh give rise to lluctiia- 
a of from i ta itiubea within tbe uiea sheltered by the breakwaWr. 
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can be attached to any specific type of breakwater for general adopti 
Questions of cost and maintenance, the degree of efficiency desired, the nat^cz. 
of the sea bottom, and the extent of exposure — these are all matters whi(?>^ 
have to be individually weighed before any definite decision can be arrived s^ 
At the present time, there are breakwaters, either in course of constructioi^ 
or recently completed, of the pure wall type at Dover and Tynemouth, of 
the pure mound type at Brest and Marseilles, and of the composite type at 
Zeebrugge, Bilbao, and Peterhead. 

We now enter upon a discussion of the conditions affecting the stability of 
breakwaters. 

The Stability of Mounds. — it has already been pointed out that 
mounds are lacking in the quality of permanence. This applies more par- 
ticularly to their upper portions which are under the constant influence of 
hydrodynamic action. The equilibrium of the lower portion is simply a 
question of quiescent hydrostatic pressure. Wave influence does not extend 
to an indefinite depth. Below the level at which its effects are felt^ it has 
been found that rubble mounds will stand at slopes of 45 or 50 degrees. 

The limiting depth of wave influence, however, is a matter of some un- 
certainty. It has generally been assumed, until recently, that a depth of 
30 feet below the surface level marks the extreme boundary of the zone of 
appreciable disturbance; but there are on record instances of serious wave 
action at greater depths. Thus at Peterhead Harbour, in October 1898, 
blocks weighing upwards of 41 tons each were displaced by waves at a depth 
of 36 J feet below low water of ordinary spring tides. Instances of this nature, 
however, are very rare, and in the majority of cases the standard limit may 
still be counted upon as generally reliable. 

The disturbing influence of waves is most keenly felt between the levels 
of high and low water, and it is in this region that the most trying ordeals 
of a breakwater are experienced. A difficulty underlying the situation is that 
in proportion as the slope is flattened to maintain its equilibrium, the dis- 
ruptive effort of the wave is fostered and increased. Hence the introduction 
of huge blocks and monoliths to withstand impact. These blocks, which 
rarely weigh less than 25 or 30 tons a-piece, and often considerably more, may 
be deposited either in courses or at random. In the former case, they may 
be stepped so as to form a general inclination of 1 to 1 ; but if deposited at 
random, a flatter slope will be necessary. 

The blocks, when artificial, are generally made in the form of rectangular 
solids : parallelopipeds in preference to cubes ; and they should be laid as 
headers — that is, with their ends facing the line of wave action. In this way 
the minimum face area is exposed to the stroke, and there is the maximum 
resistance to overturning. 

Natural blocks are heavier per unit volume than the majority of artificial 
blocks, and, for this reason, have claims to preference. They are also less 
liable to disintegration, but they are difficult to procure economically to large 
dimensions, and their irregular shapes render it impossible to bed them 



*yaternaticaUy. 'I'hey have a tendency, also, townnis beconiirtg rounded like 
"^iilden, and tliia doea not improve tlieir st«adiDes3 in silu. 

Mounds are most commonly formed in assorted layers, with the smaller 
"material at the hase and the largest at the top and on the flauks. Apart 
""itfl the additional eipenso involved in selecting the material and of laying 
'^ ill proper order, there ia this further cousid emtio n, that auch Diounda are 
leae compact and less solid than mouuds which are formed by an indiacriminate 




deposit of varied material, in which the smaller fragments occupy the inter- 
■tices iu ihe larger. On the uther hand, a greater quantity of rubble is 
required for tlieae cases. 

Stresses in Wall Breakwaters.— We next turn our atlention to the 
inaguitude and extent of tiie disruptive forcea acting upon upright walls bo 
£ftr as the stresaea to which they give rise are measurable in numerical terms. 

Considered as a structure exposed to the effects of wave action, a wall 
breakwater may fail partly, or wholly, in one or other of the following ways : — 

(1) By the shearing of some bed-joint, or by the sliding of one component 
block u]Jon another : 

] By overturning aa a solid muaa iu aectiuus uf variable sine ; 
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(3) By the uplifting and dislocation of a horiEimtal couree, or layer ; ai 

(4) By fracture and shattering. 

Awuniing, for the sake of convenience and Himplicity, that we are dea 
with a single block or monolith of assigned dimeusiona, we may ezprvos 
value of the adhesiveness of the bed-joint or base in its resistance to shea 
from 3 to 5 tons per sijuare foot if the cementing material be hydraulic mo 
of good quality, and from 6 to 9 tons per square foot if Portland cen 
mortar, further assuming that, in each case, the proportion of sand to 
matrix does not rise above 3 to 1. 

Accordingly, the condition for equilibrium is that the horieontal ( 
poncnt uf wave pressure measured in tons shall not exceed the area of 
bed-Joint in square feet multiplied by some coefficient ranging from 5 t 
iu accordance with the nuture of the cementing material of the joint. 

This iti ill regard to shearing action. If the Joint be already fraetu 
or if the iidliesivciieKS be neglected, then resistance to movement can onl 
forthcoming tliroiigh tiie agency of friction. The coefficient of friction 
alrejidy been stated at '7 {vide p. 126) for smooth concrete blocks, and a v 
of '65 to '7 will hold for all surfaces of masonry and brickwork in coni 
For stone on rock the same value will suffice, but for brick or stone on m 
unctuous clay, the coefficient must be reduced as low as 'S. It the weigl 
a given block be W, then something like '7W is the force required to mO' 
over a masonry or rocky surface, and from "SW to '5W over an earthen 01 

A distinction must, liowever, be made as regards the weight of the bl 
whether it be submerged entirely, partially, or not at all, Substa 
immersed in water lose a part of their weight equivalent to the weight of 
volume of water which they displace. Consequently, the effective weigh 
a completely immersed block is less tlian its weight in air by the weigh 
an c*)ual volume of water, wliich, in the case of sea-water, it is customai 
estimate at tlie rate of 64 Ib^. per cubic foot. 

The fact may be exjiresscd in another form by stating that the weigh 
the block is equal to {il- 1) times the weight of an equal volume of watt 
being the density of the block compared with that of water as unity. ' 
relationship liasau important bearing on our next consideration. 

Piu-eiithcticftUy, it may lie pointed out that sliding action is very materi 
assisted by small smooth stones and pebbles more or less spherical in sfa 
which not infrequently intrude themselves between the detached bl 
protecting the outer slopes of certain breakwaters. 

The resistance of breakwaters or their component parts to overturj 
arises from their (ettV-ctivc) weight and from the tensional strength of 
Joints. This latter source should, however, not be counted upon. Bej 
atTording some slight additional margin of security, its assistance b so si 
as to be ineligible, es[>ccially when compared with the inertia of the mass 

The overturning effort is due to the horizontal pressure of the w 
which exerts a moment about nny point of the l>ase measurable as Fx, w. 
X is the height alwve the base at which the effect of impact is g 
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concentrated and F is the force of impact in statical units of pressure. If tlie 
.block be Bmall, and if its ontire Tertic&l atirface encounter the full stroke of 




le ware, it is uot unjuatifiable to assume tbat the value of i 
le Beml-height of the block. It is, of course, a matter of conjecture, but 
evidently it represents the extreme condition of things in an unfavourable 
.setisc, and therefore is a reliable basis of calculation. 

But over surfaces of considerable extent the hypothesis of uniform intensity 
pressure is uot strictly tenable, and indeed, in certain cases, is very far 
fium representing tbe actual oiTect of wave impact. The equivaleut pressures 
at various points of an extensive surface arc equally variable. The nittsinmm 
occurs approximately at mean water level, and the force decreases above and 
tin's point, probably in the ratio corresponding to ordinates of a para- 
bolic curve. 

Now, the stability of a Viiook is a function of (;/— 1) times the volume, for 
the moment of resistance to overturning is the product of the effective « 
into a moiety of the width of the base. Forci'itical equilibrium, therefore, we 
have: — 

If, then, W varies as (if- 1) V, it is noteworthy that any increase in d iu- 
Tolves a much greater increase in W. Thus, if d be increased, say, i 
the value of W is increased from V to 2V, an increment, in the one case, of ■'iO 
per cent., and in the other of 100 per cent. Hence the great importance Ut be 
attached to the use, for sea work, of materials having a high specific gravity. 

Althougli the influence of the bed-joint, in so far as it affords teusional 
resistance to the overturning action, is wisely neglected, on the other hand, 
it is not safe or desirable to ignore the efi'cct of tbe corresponding compression 
apon the inner edge or line about which overturning may take place. 

Tbe resultaut of tbe overturning force and the gravitation of the wall will 
often produce a very powerful and concentrated pressure upon a small area 
of the bed-joint, which may be beyond its capacity to resist. Thus, if the 
line of action of the resultant fall upon one or other of the two points which 
trisect the base, the intensity of pressure on the edge nearer the point is twice 
as great as the mean of the pressure over tbe whole urea, and for any further 
eccentricity of the resultant, tbe ratio is greatly magnified. The following 
fspresaion serves to convey a value for the intensity of pressure,;!, on the 
nearer edge in terms of the eccentricity {x\ the length {!) of the base-line, 
ftud the mean pressure (n) : — 

6a.e* 

The maximum value of p consistent with safety is about 10 to \'2 tons per 
square foot on Portland ccmeut concrete, 8 to 10 tons on hard rock, 4 to 5 
tons ou rubble inosoni'y, and from 2 to 3 tons on gravel, sand, or clay. 
va Dork E-i'jiiicering, \>. 17( 
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Uplifting^ is an action which txkei place ihroogfa the application of ware 
force to the underside of a maas. ObTionalj the dead (effectiTe) weight of the 
mass is the resisting element, and the problem ia a simple case of the equi- 
librimn of two opposing forces, each of which baa already been defined and 
described. 

The fracture, or shattering, of a homogeneous block rarely results from 
the direct impact of the wave. When it does take place, it is probably 
caused by a prior dislocation, resulting in collision with other parts of the 
structure. The fracture of joints has been considered under the heading 
of resistance to shear. Blocks may also be fractured by unequal subsidence 
in the wall. This possibility applies more particularly to composite break- 
waters, where the rubble foundation mound is subject to irreguUur settlement 
The results can only be guarded against by avoiding the use of bond in the 
building of the wall, or by the adoption of what is termed " sloping " bond, as 
exemplified at Kurrachee and Colombo (p. 169). 

Milan Conference; Report on Breakwaters. — The subject of 

Breakwater Design formed one of the topics of discussion at the International 
Maritime Congress of 1905. Papers, some of which have already been noticed, 
were presented by eminent engineers of various countries, and a general 
report was submitted to the Congress. This report was drawn up by 
Professor lo Gatto, and a transcript of bis conclusions cannot fail to be of 
interest. They were as follows : — 

'' Breakwaters built of rubble, although expensive in upkeep, are suitable 
for very sheltered sites in shallow water, provided good and cheap material is 
procurable. This type is not aflfected by the muddy or soft nature of the sea 
bottom. 

** When the structure is exposed to very heavy seas, the rubble type of 
mole can still be adopted, under the conditions mentioned above, provided a 
revetment of concrete blocks is added outside down to a certain depth. The 
method of depositing these blocks at random appears the best as regards 
resistance and raaiutenance, on condition that the profile of the protected slope 
is so designed that it will shear the waves at sea-level. On the other hand, 
the method of setting the blocks in regular courses offers serious objections, as 
they are liable to be disturbed by the settlement of the rubble base and to be 
completely destroyed during gales, and, in any case, they cannot be maintained 
in good condition without abandoning the principle of the system itself. 

*' Breakwaters with a rubble hearting and a double revetment of protecting 
blocks, laid in regular courses, arc not at all reliable in very heavy seas, but 
they can render very useful service in sheltered sites and in waters of moderate 
depth, especially if the works are not of very great importance. 

" Breakwaters with vertical, or almost vertical sides, are very suitable for 

moderate depths and hard sea-beds, where there is no fear of the undermining 

effect of the backwash and currents. They are very expensive and conse- 

inapplicable to unimportant works. 

composite type of breakwater, consisting of a base formed by a loose 
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rubble mound, Burmounted by a vertical superstructure, is peculiarly suitable 
for tidal seas imd for seas with a slight tidal rise and fall, provided the water 
in that case be very deep. In the case of tidal seas, there is no objection to 
stopping the superstructure at low water level, 

"The type o[ construction in which the superstructure is made entirely of 
blocks laid in regular courses, can be adopted for aeas which have but a slight 
tidal rise and fail, provided the site be sheltered. This type is not sufficiently 
reliable for heavy seas, and in some cases the system of largo monolithio 
c^Msons can be adopted instead with advantage, on condition that the width 
of the blocks be suitably proportioned to their leugth, that the loose rubble 
of the hearting is perfectly compact, aud that the very dangerous efieots of 
the backwash at the seaward base of the blocks, which are produced by the 
impact of the waves, be counteracted by using eioeptionally good material 
for the upper part of the apron or outside road on the sea face, or by loading 
and preserving this apron by means of protective blocks deposited at the base 
of the caisson!]." 

The recommendations of this report formed the subject of some discuBsioD 
and not a little adverse eriticiam on the part of the Congress in regard to 
several of the opinions therein eipresseil. It was evident that unanimity 
could not he attaiued, aud finally, the Congress limited the expression of its 
views to the following resolution:— 

"The Congress refers to the information furnished by the written reports 
and oral observations ; it considers that engineers will find there information 
of great value for the construction of breakwaters, especially in regard to the 
force of waves, but, by reason of the grent diversity of cases, it does not think 
that it should formulate any absolute concluai'ins." 

With this summation of the special advantages and disadvantages attaching 
to the various types of lireakwater exemplified at the present day, we bring 
onr remarks on breakwater design to a close, simply adding some detailed 
reference to a few selected cases, chosen in illustration of the principles laid 
down in the preceding pages. 

Breakwaters at Marseilles. — The main undertaking, begun in 1845, 
baa a length, at the present time, ot 4530 yards, including an oxtension of 6 
yarda completed in 1904. The same principle of construction b 
tadned thrBughoiit a period of sixty years with unvarying success. 

A section of the breakwater is exhibited in fig. 116. The core is a bed of 
small rubble, having a depth or thickness of 10 feet, and lying upon the sea 
bottom at a depth of 55 feet below low water level. It is overlaid by lajeiB 
of natural atone ot increasing dimensions, ranging from 2 cwta. to nearly 4 
tons »-piece. The quay shelter wall is a masonry structure founded upon the 
topmost layer of blocks. 

The exterior slope is 4 to 3 for its lower portion, extending from the 
foundation to low water level. At this point it flattens abruptly to nearly 
3 to 1. The effect of this sudden transition is to create a sharp ridge at the 
water-line, with the result that the waves are cut at the point vhetfi^ 
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action is moat potent. Tlie upper part of a wave, therefore, fulls dead upcm 
the flat elope above, or, ikt the woret, upon the masonry apron in front of the 
ahelter wall, in neither case capable of producing any deleterious reeulta. 




30 w so (0 n IS x iia 



The parapet time receives uo appreciable shock, and spray alone pusses, at 
times, over its crest to fall upon the interior quay. 

The blocks, forming the flattened elope referred to, are huge monoliths, 
rectangular in shape, with a length twice aa great as their width, hnving a 
volume of 500 cubic feet and a weight of about 33 tons a-piece. They are 




Fio. 117.— Section of BreakwuMr Exteneion, Grsncil Jft^e, Mareeilles. 
A. Rubble stone iiji to 2 owts. s-piecc. 
It. Nntiiral bliicks from 2 to 'li cwts. a'pioce. 



E, Artificial blocks of 33 ti.iis. 

deposited so as to lie longitudinally in the direction of the onset of the waves. 

The external profile of the breakwater has proved to be extremely stable 

*nrl is kept up at a very trifling expense in the way of repairs. For a length 

yards, constructed prior to 1865, the aunual cost of maintenanoe ia 



just under 1b. 9d. per lineal yard per annum. The remaining and later 
portion of the breukwater costs practically nothing For upkeep. 

Apart from the parapet wall and the quay, the cost of the breakwater 
IB stated liy Baron Qiiinette de Bocliemout' to have been as follows, 
according to the depths of water in which it was founded :~ 
In depths of 33 feet, £39, 13s. per foot run. 
65 „ 71, 16a. 



100 



lis, 48. 



According to M. de Joly,' however, the cost of the original breakwater, 
including the parapet and quay wall in a depth of 6tl feet, was X12T per 
linear foot, a figure which is evidently somewhat in oicesa of those quoted 
above, even when allowance la made for the additionitl work covered. M. de 
Joly's cost for the extension, however, is in accordance with llaron de 
Rochemonfa figure for the same depth, viz.: 100 feet. 



s: 



la X 40 sf 
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■ of Feet. 
Fir. 118.-DigUBdoUJolictto, Miraeilles. 

A. Rabble deposiUd after coustruotion of <]iuy wall. 

B. Stooea from 2 lo 25 cwts. apiece. 

C. Blocks above S5 

Of its class, the Grande JeUe is an efficient example. Only one objection 
cKa be laid against the design, and that la the narrowness of the uppermost 
outer slope flanking the masonry apron. The eiisting width of 37 feet seems 
to be inaiifticient to prevent the protection blocks from being occaaionally 
rolled off by the waves into deep water. 

Settlements in the mass of the breakwater, though they have been by no 
meane inconsiderable in themselves, appear not to have given rise to any 
serious dislocation of the parapet wall. Indeed, it is said that it is only 
poasiblc to observe, on scrutiny, a few vertical cracks here and there, with 
widths of mere fractious of an inch. The shelter wall and its apron are not 
bonded together : they are simply in contiguity. Separation was inevitable, 
since they rest upon distinctly different foundations, the wall upon material 
of smaller size and greater compactness than the apron. 

The Mifttf Digue (fig. 118), constructed in about 38 feet of water, follows 
I Cauridt Travaux Hariiimft. l""" Psrtio, ISSfl. 
* lte/»n on Frcach Bftakwattr* ta Tenth Int Nav. Confc.Ji^yj^ ^ 



HAEBOTTR KNorNKERING. 

Bomeirhat geuorallj the same Imes of construction as the Oraiule Jetf^ in bo 
far aa regards the disposition of the innterial and the eitorDal slopes. Tlie 
quay, however, is onl}' about half the width of that iu the preTious case. 
The uoBt of thiB breakwater, including the outer protection blocks, amounted 
to nearly £154 per yard. The 
parapet wall with its ashlar work 
ciiBie to £61, 10a, per yard, and 
the formation of the inner quay 
involved another £44, making 
the total coat, approximately, 
£2G0 per lineal yard. 

Breakwaters at Algiers. 

— Tho principle underlying the 
design of the north and east 
breakwaters at Algiers, is that of 
ap|iroximaCing the rubble mound 
aa closely as possible to the form 
iLnd functions of an upright wall. 
The mound has been laid to the 
very steep slope of 45 degrees 
tliroughout, and the superstruc- 
ture occupies the whole of the 
narrow summit. Such a design 
is open to very strony and grave 
objections. The impulse of the 
wave, abruptly checked by the 
face of the parapet wall, is con- 
verted into a powerful downward 
force directed against the out«r 
slope, or, alternatively, the 
waves, rising to an abnormal 
height, clear the parajiet nail 
tLiid break with cousidenible im- 
pact upon the inner side. In 
each case the tendency to dis- 
turbance is very pronounced, 
and movements frequently take 
[ilace. Furthermore, the voids 
and interstices in the uppermost 
layer of rubble, which conaista 
} (some 500 cubic feet in volume), causes the 
be transmitted through the breakwater to the 
an agitation of the surface, which is incom- 




of stones of cousiderabh 
external swell of the sei 
interior area, giMug rise to an 
patible with efticient harbourage 

Auoordingly, in the onnstruotion of the 



r port at the Agba, begun il 
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BlS99, the substructure of the jetty includes a solid wall of concrete blocks 
Vbrougbt up from & depth of 18 feet below the water level. These blocka are 
Boot liid in bond, that is, breiik in g joint as at Genoa or Cette, on account of the 
I highly compressible foundAttou, whiufa is sand nnd mud. They are super- 
I imposed in such a manner as to form a aeries of piers, disconnected except 
I, which, though fairly continuous, is jointed every 25 
r 30 feet. So far, the jetty has.stood satisfactorily, but its construction is 
rf too recent a date to admit of any definite pronouncement of its value. The 
ii>t&t«d by M. de Joly to amount to £350 per lineal yard, or about the 
I the Marseilles breakwater extension, which, however, is of much 
V Bectional area and in water of much greater depth. 

' at Sandy Bay, Mass,, U.S.A.'— "The subject of an 

tensive harbour of refuge at Sandy Bay has been iindor consideration sinoe 
!. The project submitted to Congress was for the construction, at a cost 
4,000,000, of a breakwater 9000 feet long in the location shown on plan 
"> fig. 7. The proposed breakwater was to Iw a rubble mound aiirmounted 
^y a mosunry superstructure founded 15 feet below low water. The mound 
**» to be 40 feet wide at the top. The superstructure wm to be trape- 
"*'dal in section, to rise 8 feet above high water, and to be 15 feet wide 
*t the top. Below low water, it was to be laid 'dry'; above low water, 
'1 toortar." 

No work was ever done upon the BuperstTUcture above described, and, in 
^^'t, no project for the construction of a superstructure was adopted until 
'892. In 1884 the plan for the substructure was changed to that of a 
"^ound 40 feet wide at the top, rising to 22 feet instead of 15 feet below 
'«w water. 

The depth of water at mean low water varies from 6 feet at Avery's Ledge, 
^■le extreme southerly end of the breakwater, to about 89 feet at the extreme 
''^sterly end, and averages about 45 feet along the southerly arm and about 
_^S feet along the westerly arm. The bottom along the line of the work ia 
I^Krly all ledge, except at the westerly end, where it is sand and shells. In 
! anchorage area, the holding- ground is excellent, beiug saud mixed 
Wlh mnd. 

The work done prior to 1892, up to which time J45O,00O had been 
pjipropriated, consisted in the placing of about 500,000 tons of stone in the 
Ribstruoture. 

In the early part of 1893, a board was appointed to recommend a project 
f superstructure and any changes that might be desirable in the 
nisting project for the substruclure. Tbo section adopted is shown in 
. 120. 

By 1898, 600 feet at the northerly end of the southerly arm had been 
mpleted to full section, 1200 feet more had been carried up to low water, 
i 3800 feet more had been founded. The COO feet of superstructure was 
med of stones weighing not tees than 4 tons each and averaging 6 tons, 
> MoKinitty an Breakwaters, TraTia. Afn. Soc. C.E., vol. liv. ; Int. Eng. Cong., 1901, 

10 



146 HARBOUR BNGINEBRING. 

and the southerly 260 feet of it had settled some 3 feet In the early part 
of the year, in a storm of exceptional severity, the 600 feet oi completed 
superstructure was torn down to a height of about 6 feet above mean low 
water. 

Modifications in design, recommended by a Iward of inquiry and adopted 
in September 1902, are shown in fig. 121. 




aofitea I89Z 



Fio. 120.— Section of BrukwsUr, Sandj B»y, 17.8. A. 

The capstones in the new plan are to weigh not leas than 20 tonit, to be 

20 feet long by 3 feet by 5 feet in end-section, laid on edge, and in aa close 

contact aa posaible. The course below the capstones is to contain two stones, 

each weighing about 10 tons, the outer stone to be at least )5 feet long and 




«5 J h X 30 'ia so 
Via. 121.— Section of Brsakwater, Sand; Bay, U.S.A. 

the inner one at least 10 feet Below this course, to a depth of 12 feet below 
mean low water, the stones in the outer face weigh at least 8 tons, and in 
the inner face, at least 3 tons; and all are to be laid horizontal and as 
headers. 

Including what had been spent up to 1902, the total estimate of cost for 
the work was 16,904,952. It is estimated that, when completed, the work will 
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contain 6,301,407 sliort tons ' of stone. To Sejitenibcr 1904, 1,690,178 tons 
liRil been deposited. 

Piers at Tynemouth.— The Tyne piers commenced iu 1855 for the 

purpose of aheltering the mouth of the River Tyne, constitute an example of 

he composite type in which the wall predominates. The nibble mount), 

'hich acta as a foundation to the wall (see fig. 122), has since been discarded 

in connection with the reconstruction of a portion of the north pier, due to a 

breach in it, 100 yards wide, made by a storm in 1897. 

The mural portion of the original structure consisted of two longitudinal 
masonry walls connected at frequent intervals by cross walls, the cavities or 
pockets between being filled near the shoreward end with quarry debris, and, 
further seaward, with mass concrete, 

" The depth of the foundations of the superBtrnoture varies from low- 
ter level at the shoreward end to 27 feet lower at the pierhead. This 




Typical Section of Old Work, Typical .Section of New Work. 

Flo. 122,— River Tjno BreakwsUr. 

depth of fonndation at the pierhead is much greater than was originally 
contemplated, it having been discovered, while the work was iu progress, that 
wave action took place at much greater depths thnn had previously been 
supposed. The depth of tbo fonodutiona would probably have been carried 
■till lower had it not been that the rubble mound was deposited very much 
advance of the superstructiire, in order to ensure its being sufficiently 
Lsolidated before being built upon. The whole work seems to have stood 
well until the winter 1893-94, after which it was found that some of the 
foreshore blocks had been moved and the foundations of a short length of 
pier exposed." 

After the more serious breach of 1897, the question of reconstruction was 
oonudered, and, upon careful deliberation, the Tyne Commissioners decided 
to form a length of new work within the line of the old work, as shown in 
fig. 123. 

"Id the new work the rubble mound is being dispensed with, and the 
laodations are being taken down to a hard shale, the depth averaging about 
' Toiu of -iOOO Rw. 
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20 feet more than that of the original structure. Above the low-water lerel, 
the fiectional outline of the work is identical with that of the old" (ride 
fi;,'. 122). 



A) 







Kio. 123. — Breakwater Piers at the mouth of the River Tyne, showing 

Rocoustruction of North Pier. 

The quotations are from a notice on the Tyne North Pier Reconstruction 
by Mr Ivan C. Barling, the resident engineer, contributed to the summer 
meeting of the Institution of Mechanical Engineers, July 1 902. 
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AIktbodo of breakwater construction are naturally aa diverse as tbe local 
conditions which govern them, yet they full, without undue couatraint, under 
Lhe same heads as those enumerated iu our closaitiuution of the priuciplea of 
breakwater deeign. Thus, ue have the speuial methudu appertaining to the 
fonnatiou of the mound and to the building of the wall. We will subdivide 
our obeervfttiona accordingly. 

Hound Construction. — For the purposes of a mound, no preliminary 
dredging operations are iiecesairy. The material for the mound may be 
deposited upon the sea-bottom direct, for, from the very nature of things, 
it will spread itself auffiuieiitly to distribute its weight within the limita of 
support, or it will sink until it reaches Bome firmer substratum by which the 
settlement becomes arrested. Nevertheless, it should be pointed out that 
dredging has not infrequently been resorted to when the surface of the sea 
floor ia mud of a particularly impalpable character, and likely to prove 
treacherous. At Trieste, for instance, iu consequence of certain mishaps, it 
was found necessary to remove a proportion of the 8i>fter mud. The rubble 
work did not subsequently sink so deeply aa before, yet ihe settlement con- 
tinued still to be considerable, amounting to 9 or 10 feet in depth. We 
shall have occasion later on to diacUBs more fully the question of settle- 
ment in foundations. Meanwhile, we are concerned solely with methods 
of construction. 

Rubble may be deposited iu one or other of tliree ways. These are : — 

(1) By tipping or discharging from barges, scows, or other vessels aHoat, 

(2) By discliarging from travelling gantries or from cranes, running on 
temporary overhead staging. 

(3) By discharging from wagons passing over roads laid at or about the 
UtcI of the top of the muuud. Ihe nagons are tipped in advance of the 
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liuiiilied mound, upon which the roada are continuously extended u HbevA 
proceeds. 

The Barge System.— The first method is best adapted to sheltered 
situatioua— the difficulties of discharging from vessels in a rough sea miut be 
BuHicieutly obvious ; but it neceesitatee the existence of sufficient depth °' 
water for the loaded barge or scow, tt^ether with the addition&l cleanD*^ 
required, when, as is generally the case, the latter is fitted with hopper doo* 
and the material is dropped through the bottom of the vessel. Certain bai^*' 
permit of lateral discharge, but the type is not common ; and iu cases whe** 
there arc no doors for the purpose, it is attended by some risk of capsizal, wi^" 
attendant danger to the men engaged upon the work. 

A corollary to the forgoing restriction is that hopper barges depoaititx^ 



^ 




fjo. 1 34. — Hopper Barge discharging load. 

material through bottom doors cannot l>e employed for the entire oonatruction 
of a breakwater consisting of a rubble mound only. Even though there be 
considerable tidal fluctuation, admitting of the higher stages of the work being 
carried out during periods of high water, yet it is evident that the mound 
cannot be brought to surface level, and must, iudeed, cease at depths below it, 
which may be anytliiuf; from 10 to 15 feet, or even more. 

One advantage iittacliiiig to the employment of barges is the opportunity 
afforded for depositing rubble uniformly and simultaneously over the whole 
site of a breakwater. This advantage is shared, but not to the same degree 
of freedom, by the Hccotid muthod. With floating plant there is no reetriction 
whatever, and the work may be prosecuted over a very extensive area without 
incurring any higher expenditure or any greater risk of misadventure. Aa 
will be seen when we come to deal with the question of settlement, this con- 
sideration has a very important bearing on the [lermanence of break*"-- 



fiREAKWATER CONSf RUCTION. 

On the other band, it must be jiointed out that the progresa of work 

mrried out by floating plaut ie very much ut the mere; of the wind and waves ; 

that long spells of unravourable WGather result in an almost complete 

«tioii of operations, the period of which is therefore materially protracted. 

During the winter months, in particular, these interruptions are sure to be 

"fcequent and prolonged. Accordingly, in many cases, the method of staging 

is to be preferred, especially when it is necessary to complete the undertaking 

vith despatch. 

The loading of the barges is usually performed at the pier of an adjacent 
i^uarry by the ordinary means of tipping through a shoot, the stona being 
uouveyed to the quay edge in wagons nnmiug on rails, the gauge of which is 
generally small. In the case of large blocks, cranes are necessary, both for 
'loading and unloading. The loading crane is situated on the quay; the other 
1 usually mounted on an attendant barge. A pair of sheer legs may take the 
.place of a crane. 

On arriving at its deetitialiou, each hopper barge, containing random 
rubble, is adjusted in position with the aid of suitable sight-lines fixed on the 
Bhore, or of any convenient landmarks. It is difficult to make satisfactory 
e of floating objects for this purpose, as they are necessarily moored iu a 
zible manner, and changes of tide and current may make sensible alterations 
I their positions, the exact extent of which depends, of course, upon the 
length of the moorings. 

Satisfactory adjustment having been achieved, the hopper doors are 
nie&ged and the material falls through the bottom of the hopper. It may 
ithen be necessary to trim it, especially if the deposit forma part of the upper 
uyflrs. In tidal situations this may be done at periods of low water ; other- 
wise, the services of divers are required. Care should be taken both by 
'Accurate alignment and judicious deposit to reduce the labour of trimming to 
ft lulnimum, as it adds considerably to the cost of the undertaking. Iu 
shallow water the trimming and levelling of a rubble bed may be not unsatis- 
ftctorily achieved by supplementary hand-tipping, the inequalities in level 
beiug indicated by a sounding-lead. 

Hubble should be evenly and systematically distributed over the entire 
width of base which the breakwater is intended to occupy, oa also, where 
possible, over the entire length. Broken ridges and isolated heaps of stone 
give rise to currents and so to scouring ; and although any effects of this action 
rnaj he rectiBed by subsequent deposits, yet an additional supply of material 
b entailed, oa well as loss of time and labour. At Cette, excavations ranging 
from 3 to 5 feet in depth were found to have been produced by scour alongside 
rubble dejKisits which had been irregularly made. 

The Staging- System.— The use of staging, though primarily more 
expensive tlwn any other method of procedure, is attended by many direct 
and indirect benefits. It promotes, to a very great extent, the unbroken 
sequence of operations, which is, perhaps, the highest desideratum from every 
pcant of view, and it aflurda greater protection to those engaged upou tboae 
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oporations thau, at anyrato^ can be guaraateed bj the barge system, 
lutcrruptions of more th in a few hours' duration daring tempestuous weather 
occur but rarely, and there is little time lost in waiting for the subsidence of 
the sea aft»er a storm has spent its force. Of course, this assumes that the 
staging itself suffers no appreciable damage. It cannot be deuied that 
temporary structures of slender build exposed to the full force of a gale run 
some risk of destruction — partial^ if not complete. Collapses of greater or 
less extent have proved this beyond question, yet the instances are uot so 
numerous as to warrant the attachment of very serious importance to the 
objection^ and the particulars are not infrequently exaggerated. Thus, writing 
in 1904, Sir William Matthews, K.C.M.G., says :— 

" Notwithstanding the alarming reports which have appeared in the press, 
from time to time, with regard to the works at Dover, it is satisfactory to 
state that practically no damage w*hatever, from the first, has been occasioned 

Level of RbUs 
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Fio. 125.— LoDgitudiual Elevation of Staging, Holyhead Breakwater. 



to the permanent works, and only comparatively insignificant damage, having 
regard to the magnitude of the undertaking, has been caused to the temporary 
structures. Although it was alleged that during the great gale in September 
1903 one thousand feet of breakwater works and staging had been carried 
away, the only loss which was occasioned was the turning over of one span of 
temporary staging of 50 feet in length with the plant thereon, which, at that 
time, occupied an isolated position." ^ 

A more serious source of danger to sea staging is insect attack, and it is 
the more to be feared in that the depredations of sea-worms may remain 
undetected for some time. Constant inspection, therefore, is absolutely 
essential, and there can be no feeling of security. We are dealing, however, 
with this matter more at length in another section. 

Apart from these drawbacks, staging forms a steadier base for working 
purposes than a barge or vessel. Platforms may be aflSxed to it, or suspended 

* Matthews on Harbours of Great Britain, Trans, Am, Soc, CIS,, vol. liv. 
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Fio. 126. — Stagiug Piles, Holyhead Breakwater. 




f'A 

tfpiw -c *t mj -Umrvi >nL 

.t(«, U Uiia f'.nns » tnek, or » i 

trbrofUnfc t^MErim, awl ennea ; and, ia 'xri^ thu ■■ linle ■ 

DMf b* fmttoittii ta w»*c mIko, tboe n»dt or tnefcs ifaonld be 1 

«V/iV ttie ittt^itiM M* lerd, ioi; not lev than 20 feet, and pnfaBUj 5 or 1^ 





Cm. ia7.-B«il Track, Holyhw^ Bre»kw«t«- SU^g. 



foot n.«ro, tliHUKh, of coiirao, any increase in the height ia made at th<^ 
oximiiNO nt Htiiliility. Ij'urthorraoro, the solid atrutting, which characterised 
niituli land utaBiiiB, i" best replaced by slender tension membera— chaina and- 
wlm riiiM) stuys attaohod to secure moorings ; or, if the surging of these und«- 
iiotliHi bu doomed iindouirablo, second-hand railway metala will be found 
eminently wHo'"l '""■ tbo purpose. 

'I'lio itlhw, wburovor iKwuiblo, aro driven into the ground by a piloKinver 
rlKK«l wp '»» •* ^^'K" "'■ "*»''"« platform, or supported on a carriage which 
imijooU. ovor fr»>ni the land or the staging previously completed. The floaUiM; 
iilln ilrlvnr (or mther, a nnmlwr of such appliances) can, in atill water, construct 
the ruwl *t n imicli iniiokor rate than the stage pilwiriver, which is Uraited ia 
the iw«|w »f lt» operations. 

1,. »»litMry Urui gKiund, the above is the usual course. If the ground, 
o! a very wtt and yielding character, it will be desirable to 
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substitute screw piles with n broad -bloded surew 
at the foot to afford the necessary surface bear- 
jog, or the pile may simply be set upright upon 
a large iron base-pl;ite in Ibe form of a shoe. 
A very broad aad fuirly thick atone slab, care- 
fally set upon the surface of the grouud, will 
often afford a HuUicicutly siibstaotial base. This 
method, however, enluils much croaa strutting 
between the piles. Finally, if the sea bottom 
be rocky, the lower ends may be let into sockets 
drilled in the rock and steadied by concrete 
filling, or the pile may be shod with a stout 
irou spike, capable of being driven several inches, 
at Icaat, into the solid. 

For rubble work, the tracks are such as will 
suit the wagons in which the material is con- 
veyed. The number of these tracks and their 
diitancea apart will depend upon the actual 
extent of the breakwater, but 25 feet or so seems 
to coQsbitut« a fairly average distance between 
tnok centres, and there are few breakwaters 
where the number of such tracks need exceed 
Hii, afifording a width of 175 feet over all. 

The stone, having been conveyed directly 
on to the stage in wagons, is tipped either by 
hsnd or by automatic arrangement, the wagons 
heing lilted at the ends or at the sides. The 
Btagiug method is particularly convenient on 
account of its adaptation to an organised cou- 
tiuuouB supply of stone, and the case with 
which wagons may be marshalled and dis- 
charged. But it does not command the same 
extent of area as the barge system, unless the 
■tagiQg be erected from eud to end in the first 
in*tauce, which is unlikely, owing to the delay, 
risk, and cost, 

Under general circumstances, staging may 
be utilised several times over in different posi- 
tions ; in otiier words, it is not necessary to 
provide for a length of staging equivalent to 
that of the breakwater. As the work is com- 
pleted, the rear staging may bo moved forward, 
I Dounection with the ground level being main- 
Ibuned by aloping ways. There is inevitably 
I interruption while the change is being 
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rnade, and any m*irked restrictioo of the working length tends to cripple 
prr>greHi and increase the cost. 

Low Level System. — The low lerel system of tipping, by means of 
wagons running along tracks laid on the solid breakwater stmctiire as it 
advances, saves the cost of staging and reduces the amount of work done 
during the process of discharge ; but, at the same time, it is a method which is 
greatly restricted in scope, in that operations are limited to the immediate 
vicinity of the completed mound ; for, until the bank be raised at least above 
sea level, any extension of the railway track is impracticable. And allowing, 
under the most favourable circumstances, that the lines can be laid close to the 
water level, there is the added risk, the probability, the certainty even, that rough 
weather will cause frequent irruptions and settlements, so thut there will be 
more or less constant relaying of the tracks — all entailing delay and expense. 
On the other hand, it may be urged that the use of the completed section of 
the mound as a roadway for the transport of materials assists to consolidate it, 
and to reveal any sources of weakness which it may possess. This is no doubt 
true ; but whether it affords sufficient justification for the adoption of a system, 
which is otherwise slow and restricted, is a point which must be determined 
by the special circumntances of the undertaking. It is a form of construction 
which is not generally suitable for works on a large scale. For small embank- 
ments, however, it may be considered convenient and economical if time be 
not a matter of importance, and it produces substantial and reliable work. 

Leaving the mound type of breakwater at this point, we pass on to 
methods of wall construction. 

Wall Construction. — The masonry wall, built with prepared blocks of 
ashlar or concrete, carefully bedded and laid in accurate alignment, mani- 
festly calls for more elaborate and less rudimentary appliances than are 
available for the formation of mounds. Other kinds of wall, such as those 
consisting of concrete deposited in mass in a fluid condition,^ or built up of 
sacks and bags laid in courses, also demand special apparatus. The methods 
of construction generally adopted may be ranged under the headings of : — 

( 1 ) The Staging System. 

(2) The Kud-on, or Over-end, Low Level System. 

(3) The Caisson or Buoyant Monolith System. 

Floating plant, while useful enough as an adjunct, cannot be relied upon 
alono to carry out operations with sufficient exactitude. 

The Staging* System.— As regards the staging system, there is little to 
add to what has already been written in connection with mounds. The same 
lines of formation are followed and the process of depositing is the same, with 
the exception that, instead of being tipped in bulk, each block of stone is 
laid individually in position. Cranes or gantries are therefore an integral 
part of the system, and the tracks will be arranged to suit their requirements. 
For concrete work, platforms may either be erected on the staging itself, where 

I Thu duiKMitioii uf coucrato iu a plastic or partially-set condition is a practice to be 
d#' 
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toe muterials can be incorpor- 
ted and discharged intoshoots 
coiivejing it to its tlestineii 
intiiation, or mixing may take 
^ce iu the yard ashore, and 
tfa« concrete he conveyed in 
ikips to its appoiiited place. 
The former method has the 
dviLDtagc of greuter conveni- 
nce of output, the concrete 
lachines being allocable in 
ariouB parts, so as to com- 
laiid an extensive range, ami 
here being no tt^ndencj to 
block the serwice-lineB. 

The End-on System,— 

The low-level system practised 
a single powerful crane 
running upon a track laid over 
tbe finished portion of the work 
Hopen to the objection, already 
Ktated, of limited scope. Tiie 
work proceeds outward from 
the land, and it cannot be at- 
tacked from several points as 
In the case of staging. Yet the 
Baetbod is one which has been 
■dopted in a very great number 
rf modem instances. A strong 
.point in its favour, particularly 
when dealing with huge Mocks 
f 30 to 50 tons and more, 
1 the greater stabiliiy of the 
porting base. On the other 
liand, there are many oocaaiona 
Q its full lifting power is 
in request, and when a 
mtioh less powerful machine 
«ould do the work required at 
tbe moment. 

The machine employed in 
connection with this syetem 
of uonstruction goes by the 
generic name of a " Titan " 
;. 129). Ill principle it con- 




HABROrR ENGINE KRIN'G. 

sists of a huge cantilever crane with a substantial nheel base. There are tiro 
variantfl in design. In one case the cantilever arm is a girder trussed within 
its flanges ; in the other it ia supported b; means of tensiou rods from aboTc. 
The former obvjouslj lends itaelf to greater stiffness and eteadinesB, while 
the latter is lighter and carries the arm at a lower level for the aunie over-all 
height. 

Apart from their syBtemg of trussing, Titans differ in that some have a 
fixed base, while others nre pivoted upon their carriages. The former class. 
generally diCTerentialed by the term "Mammoth," are provided with a 
carrier having longitudinal and transverse motions ; the action of the latter 
class is radial. The radial machines can command a wider lateral range 
than the rectiliuear machines, but they are not so conveniently adaptable to 
setting out work, a diagonal movement being less easily regulated to align- 
ment in dual directions than a direct one. However, radial machines are 
capable of depositing wave-breakers along each flank of a breakwater to some 
distance outside, and this ia a feature iu which they deoidedly eicel the 
alternative type. Moreover, with Mammoths, the block has to be run under 
the machine before it can be picked up, but with Titans this is not the case. 
This is not unimportant, owing to the moorings. 

The Titan ia served with monoliths by a "Goliath " (tig. 130)— the generic 
name for an overhead traveller, the carrier of which runs on tracks tmns- 
versely to the road of a wheel base of considerable span. The blocks 
are loaded on to trollies by the Goliath, and so conveyed from the block- 
yard to the breakwater, there to bo set In position by the Titan. There is, 
however, nothing rigorous about the practica The yard machine may be, 
and is, iu some cases, a Titan. 

Examples of both these machines are shown in the accompanying 
figare,. 

The CaisSOD System ia an adaptation of the power of natural 
buoyancy to transportation purposes. Gigantic boxes of iron framework 
incased in concrete are formed in a sheltered recess or inlet on the const or 
in an inner dock. When built to the required size — which is such that when 
sunk in position their topmost edges will project slightly above the surface 
of the sea at low water, — they are temporarily strutted in the interior, 
launched, and towed out to the site they are intended to occupy. Great care 
has to be exercised in aligning these huge boxes and in maintaining their 
perpendicularity while foundering. When this delicate operation hua been 
successfully performed by admitting water to the interior of the caissons, 
they are filled with fluid coucrete, stouo nibble, and sinali blocks, ao aa to 
foroi ultimately a solid monolith. 

The method involves some risk, especially on an exposed coast. The 
caissons are very unwieldy : tliey call for powerful towing and directing 
appliances ; but once in position and rendered solid throughout, they 
constitute a raost potent defence against breaking seas. As regards cost, it 
is not apparent that they are more expensive than other forms of break- 

i 
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water, but works on which they are adopted are liable to stoppages anc 
delays arising from tempestuous weather. 

In certain instances, as at Dublin, solid blocks of masonry have beei 
built on an adjacent quay and transported by a floating crane, in an 
wholly immersed condition, whereby their effective weight has been ver^ 
materially reduced. 

Apart from and independent of any particular system of excavatioD, ther^K-^aere 
are general features of breakwater construction which call for caref l^ "^ ful 
consideration. 

The first and most important of these is the foundation. 

Foundations. 

It would be impossible almost to devote to this subject more attentic^-K«ion 
than it merits. Very great and serious harm may accrue to a breakwat^-c^'-Ater 
founded upon a base insufficiently firm and secure. Even if the damage \^ ^ 
remediable, there is the expense of repairs, which will probably become ^ > 

matter of periodic recurrence. These repairs will naturally be of a moK^=>-Aor( 
pronounced character in the case of regularly bonded structures, such m -^ ^ 
walls of ashlar work, which, when disturbed or deranged in any way, involv^ Jol^" 
the provision of special appliances and skilled labour to reinstate them. 

Accordingly, it will be well to consider the characteristics and qualific;^:>^^ca 
tions of a good foundation. These may be classed under two heads : Incoirx'^i'om 
pressibility and Permanence. 

Incompressibility.— A theoretically ideal foundation is incompressibl» C^zzole: 
it does not yield in any way to the load imposed upon it. Such a foundatio^:^ ^oo, 
however, except in the harder varieties of rock, is almost impossible of realise w Ji'sa- 
tion.^ The greater part of the material constituting the sea bottom is moc^^more 
or less of a compressible nature, though in some cases the compression m: 
be but slight. Thus, in addition to the softer kinds of rock, sand ar. 
gravel and some varieties of marl are very little, if at all, affected by hea 
loads, provided precautions be taken to prevent lateral escape. All otl 
materials are compressible to a marked degree : mud, silt, the softer kinds 
marl, clay (particularly when moist and plastic), peat, etc. 

While an incompressible foundation is undoubtedly desirable, some slig^T^t 

yielding is no insuperable objection, provided the settlement be uniform. h 

is of no great moment if the whole superstructure sink a little; but if < 

portion only gives way, fracture between the stationary and yielding parts A 

bound to occur. Hcnco, a foundation should be as far as possible homogeneou& 

A building is safer on an all-clay foundation than on one of rook and clay. 

Where the foundation is varied in character, therefore, special precautions 

are necessary to ensure equal bearing power. The pressure on the weaker 

material should be distributed over a larger area ; the dividing line between the 

two strata should be distinguished by augmented bond, such as is afforded bj 

^ When obtained, it is not an unmixed blessing, as the levelling of an indurated sorfiue 
is tronblesome. _ 
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t tie-rods or bars ; and great caro should lie exercised in coiistruotion. The 
1 better cotuBe, wherever pnicticublc, is to eicnvate to the lower level, at which 
the harder stratum is found. 

It must be Ixinie ia tuiud that some settlemeut is inevitable. It will take 
place, if not in the fouudation, at anjrate in the structure itself, especially 
iu mounds formed of rubble work. The numerous vacuities iu the mass and 
their proportionately great volume, combined with inequalities of liedding and 
eupport, lead to a ahriuksge of the entire muss, which is very considerable in 
the earlier stages <>f its existence, And is more or h'ss a constant characteristic. 
The diminution arising from this cause, however, is readilj mode good in 
ordinary cases by the simple deposition of additional material ; but it is msni- 
feat that where the mound is acting ns a substratum or base for a wall, the 
effects of shrinkage cannot be ho easily elTaccd, nor can the wall itself escape 
a sliare in untoward consequences. Hence the obvious necessity of allowing 
such mounds adequate time to take a Hrni bearing. 

Moreover, it must not be overlooked that in addition to that arising from 
its own inherent tendencies, some further subsidence must occur when the 
weight of the wall is imposed upon a mound. Allowance must be made, in 
the first instance. For this and for other contingencies. 

Settlement, therefore, in some form or other, must be looked upon as 
inevitable, and the essential point is to ensure its uniformity. Well- 
ooustnicted breakwaters have sunk to the extent of 10 or 12 per cent, of their 
total height without appreciably affecting the appearance or the stability of 
the superstructure ; but this has only been so because the process was gradual 
and regular. Sudden and irregular changes cannot fail to produce fracture, 
especially in bonded work, concerning which we must speak later. 

PernifinencQ. — I'he second point of a good foundation is permanence, 
or unalterability. Certain mineral substances, when exposed to external 
iufluencea, undergo physical and chemical changes which naturally modify 
their characteristics. The hardest rocks, such as granite, are known to 
disintegrate imd decay under atmospheric agencies alone. Marine, and 
particularly submarine, agencies are much more drastic iu action. The 
attacks of sea-worms, the erosive power of currents, the dissolving properties 
of water, and the percussive action of waves — all these are souroes of chnnge 
and deterioration. 

As far as possible, therefore, a foimdation should be guarded from 
destructive influences. Even when the grotmd is naturally firm and durable, 
it ia very desirable to protect the surface in the immediate neighbourhood of 
the breakwater from scour. To this end, in the case of upright walls, rubble 
«ud riprap are deposited alongside, so as to form an upron covering the 
toe, anil, in more exposed cases, large blocks and monoliths are similarly 
utilised. 

Wall Foundations. — Before dismissing the subject of foundations, we 
must make a few reniarkn on the manner in which they are prepared for 

breakwater piera of the upright wall type, 

11 
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Id all caeea, it is essential to nmoye the surface coating of mud, ooce 
weed, which covers the aea floor. This ma; be done bj dredgtng or viU 
aid or divers. 

If the stratum Uius eipctied be sufficiently firm for the purpoae; 
breakwater pier ma; be laid upon it forthwith. Otherwise, it wi! 
necessary to excavate further until a satisfactory base is obtained. Ii 
event of the desirable stratum lying at a great depth, as revealed by boi 
shafts may be sunk and the work built up in the form of juers inside 
(fig. 131). 

These shafts may consist of steel plating with walings of ateel teM 
angles, strutted with similar sections or with timber balks. They are us 
BO built, in lengths of convenient dimeoBions, such as can be handled 
crane or other lifting appliance. The lowermost Imgtb is fitted with 
shaped cutting edge of hard ateel. A sufHoient number of lengths are b 
together to bring the shaft above the water level when resting on cbi 
bottom. Kxcavatiou is then carried on in the interior by grab buckets 




Fid. 181.— Piar 



froiuont inspection by divers. As the shaft sinka under its own we 
conkbiucd with that cf kentledge, additional lengths are added at the 
When the nulid stratum is reached, tbe interior of the shaft is filled 
concrete. The spaces lying between sucoessive piers are arched over s 
alxmt the level of the sea floor (fig. 131). 

Another method of transmitting the weight of a breakwator to a I 
stratum, is by means of timber-piling driven at short intervals over the « 
area of the site. The required depth muBt, of course, lie within the ranf 
ordinary logs, say from 40 to 50 feet. Piles of greater length are ezpei 
and difficult to obtain. When driven to their utmost extent, the heat 
the piles are cut ofl' by divers and cased in rich concrete (say 3 to I) 
depth of at least 2 feet below the mud level in order to secure immunity 
vermicular attack. A foundation layer of concrete may then be diatrifa 
over the whole area. 

In certain circumstances it may suffice to inclose the site witliin bI 
piling ; remove an upper layer of material, a foot or two in thiokneas, 
deposit concrete. 
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Limiting^ Lo&dS. — In all these cases it is necessary to bear in mind the 
limiting resistance to compression of the stratum founded upon. The follow- 
ing values may be adopted for use in ordinary cases. 
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Longitudinal Section. 
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Transverse Section. 
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Plan 
Fig. 182. — Foundation Caisson for Piers 



Enlargement oF 
Cutting Edge 



Concrete will safely stand from 10 to 15 tons' compression per square foot 
of area; hard rock from 9 to 10 tons; soft rock and stiff clay from 2 to 3 
tons; and sand and gravel from 1| to 2 tons. 
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Tiuiber piles driveu to a hard bottom will support a load of 10 owta. per 
square inch of cross-sectional area ; if dependent entirely upon the frictional 
resistance of the ground against its sides, and not upon basal support, the 
bearing power will vary with the perimeter of the pile ; but in any ease not 
more than 2 cwts. per square inch of sectional area should be imposed. 

The loads actually due to the substance of a breakwater may be computed 
from the following table, which gives the weight in lbs. per cubic foot of 
various minerals. When completely immersed in salt water, they lose 64 lbs. 
of the weight given; but there are circumstances under which the deduction 
is not justifiable, at anyrate for purposes of calculation. 



Api'roximatr Wkight per Cubic Foot of Mineral Sdbstances. 





lbs. 




lbs. 




lbs. 


1 Basalt . 


. 187 


Limestone— coiUd, 




Sandstone — cimtd. 




Brick . 


115 to 135 


Purbeck . 


150 


Talacre . 


150 


1 Granite — 




Chilmark . 


. 155 


York 


157 


Cornish . 


. 164 


Kentisli rag 


166 


Dundee 


159 


Aberdeen . 


. 166 


Marble 


170 


Monmouth 


168 


Guernsey . 


. 187 


Magnesian 


. 175 


Slate- 




Limestone — 




Masonry . 116 to 144 


Cornwall . 


157 


Bath 


. 120 


Sandstone — 




Westmoreland . 


178 


Portland . 


. 130 


Red . 


. 130 


Welsh 


180 


Chalk 


. 145 


Craigleith 


141 


Trap rock 
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Spike 
ry-Flank 



Surface Treatment.— The surface of a reliable natural foundation 
generally requires some treatment before it is ready to receive the first course 
of wall structure. 

In rock there arc always numerous cracks, crevices, and fissures, and a 
general iinevenness of surface. Cavities and pockets containing soft material 

should be cleaned out and filled 

with concrete prior to extending 

the concrete over the entire site. 

To prevent lateral escape of the 

concrete while soft, it should be 

flanked on each side, temporarily, 

with bags of sand, planking on 

edge secured to iron pins driven 

into the rock, or by slabs of stone. Small irregular apertures may be 

staunched by packing with clay, or by covering with strips of jute or 

canvas. 

Where the top of the rock, however, is not very hard, it may be found 
preferable to dress it down to a level surface, or to a series of benched beds 
of sufficient area to receive one or more blocks. Dips should likewise, where 
possible, be benched out to prevent any tendency of the wall to slide over 
the sloping surface (fig. 135). 

The levelling of the surface is, of course, only absolutely essentia] for 
blockwork. For walls built of concrete in mass, though benching is desirable, 
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Fi(». 133, — Moulds for Concrete Foundation. 
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;tll that in strictly needful is to erect the Bide-mfjidda within wUicli the concrete 
is to be degjoaited. At tirat sight thia would appear to be n aiinple operation, 
bub thi! difficultiee of settinj^ tempornrj woodeu uioiUda under water are 
anything but negligible. Where piling is practicable, n scrieB of uprights 
may be driven at regnlar intervals, Ittteil with grooves within which panels 
of sheeting may be slid down, und raised ngain as the work proceeds. At the 
junction of the planking with the ground, a broad strip of canvaii can be laid, 
forming a lining tu the adj:iccnt surfaces nf each, fur a width of 18 inches or 




rntal 



Fill. 13t.—CuiLcretu and Stand Pouiidutiiin Work, 

2 feet. The vertical portion uill be backed to the pliinkiug, and tliu hot 
portion weighted to the ground with stone. 

For tnoss coucrete on ii rocky bed. wheie guide piles are impracticable, 
the plan to adopt would be tu hiy external facing blocks and to deposit mass 
concrete in the space inclosed. 

The deptisition of concrete under water is an operation requiring the 
utmoet care for its satisfactory acuompiishment, the danger being that the 
cement may be noshed out of the aggregate. It it useless, therefore, to 



Til£^ 



entertain the idea of tipping, as carried out in ordinary work above water. 
For the special circuinHtitnces of subaqueous foundations, the concrete must 
be conveyed in a skip with a bottom flap or flaps, or in a bag with a double 
mouth, that at the lower end being temporarily bound with a looped rope, 
capable of being released by a tripping rope. The skip, or bag, is lowered 
right to the bottom, or as near thereto as is consistent with discharge, and 
the conteuta are allowed to flow quietly into place, with as little manipulation 
aa poasible. It will be evident that coucrete for aubmarine work should be 
1 in cement, suy i to 1. . . . ■ , 
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{wriods of d«pt.^: I'tAi i s^ 



i: TJifc! siuaiioQS is that of so air&uging th»x 
of fresc:* tt^icfJ cwocTCW m*}- not be sabjecte 

■ hiic scitii^, to the diaturbiog actioKO 
c-f 1 cboppT Ma suriaoe. Less tha«g» 
E IS iocbea or 3 feet of water ia incxK 

— su£c)«tt to pRTent eveo email wave^'v 
B frvcn esociamg a deleterious infiuenu-J O 

a .-ufng tbe eoiicret«, and robbing im 

« of its CHDent. Therefore, whereTe^*" 

• p,«Kb<e:. adTaotage ihould be ^keK:^ 

" cf :be rariaticn io the tidal leTeF-^ 

i'jr-.::£ spriogB and oeipa, to siupen^^H 
; A>Qfr*acg from time to time, either"-'* 
f *■ »:-n:« little depth belov the sur- 
_Z iiee ^T altogether oat of range. A. 
' = N;ii>ck-se;::iij ooDent will prore of con- 

»ienV> nJuc in tidal lituatioDs. 

It i$ needles to remark that vhen 
Ofwratkvu at« carried on within the 
$£^Iier of a dlTin^-bell, the same re- 
Mriouixu do not appiT, although it 
niu$: t« admitted that sudden ont- 
bt:rsts of air mar do more damage 
\baxt ib« fT«aiD£ action of waves. 
Y<t. wiUi care, these out be avoided, 
lite wiwk is then obIt limited bj tlie 
<uoTiei]^eQce of amntrements in repaid 
w shifts. 

Bagrvork. — Tbe di^ieraTe acttoa 
i.if 'KaTVSL. aod. indeed, the solmtt action 
•.-f JV-mpantir^T still water, has kd 
to :he ictnxiuctioa ct a snton of c«n- 
v-!«ie >^7^Q£ io s^cks or bags. These 
Vu^ han. in certain cues, attuned 
a Tt'tT cvxeidenkUe siae and weight, 
ibe l:i::<r mchicf 100 tons and orer. 
Iv;; si-iilj hMis of 5 or 10 ton^ w 
:L«r«alv:::^ m mi«t wmmon. Tb^ 
an- ofi«s cmtvoTAi fcr regttUnnng the 
<M i.e« ne- lo rw^ixv K>vks. The bags are of 
jut* or caans, soimu. r ma.^ After beinj: £ll«d with ecmcrcte, they 
moM be 4epoK:«^ immeciaielr vh le the material it p^asik; ao that each 
hag tnaf a>iapt itaeif to the UHi^&slities i>f its enTinmnent. TUs adapto- 
tM^ to TMwos poBtMns Ls one of ti»e chief adiantagcs '^■■-fi 

TLc sraum is not without «nain diawbftda: the bags an 
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Jial>le to burst. This, of counte, could bo remedied by Htrengtheiiing and 
Jnaf>roviDg the sacking. Moreover, the bage cnnnol: be brought to s 
f^stst^ly level surface; neither can they be compacted very closely in 
cGs^*iye rows; ami further, they are liable to work loose and be sucked out 
bi^ the sea, or, failing that, the ends may be broken oiT by wa 
d^Ccsots, lioirever, are not vitiil ; careful setting will go far 1 
t-lk^cn; and many breakwaters in existence have been partially, or wholly, 
00 untrue ted of bagwork. 

The jute sacking generally used for the purpose weighs from 25 to 3 
{>^r superficial yard. 

Slock-making'. — The making; of blocks for breakwater buildiug calls for 
Ixfctile explanation. The blocks are built of concrete in moulds at a block- 
ysfcr<3 adjacent to the site. The weights rauge from 5 tons upwards, accord- 
i**^ to the capacity of the setting machine. There is, however, practically 
cko limit to size, since huge monoliths may be deposited by special i 
A.^ Dublin a wall has been built with foundation blocks weighing 300 tons 
eH.cti, while the caisson blocks at Zeebrugge weighed no less than 4500 tons 

Sluoks should be allowed to mature for at least a couple of months liefore 
depositing in position, Chough they may be removed From the moulds at the 
end of a fortnight, The seaitou of the year and the temperature produce 
Va.ria,t;ions in the time of maturing. 

In order to facilitate the placing of blocks, they are usually constructed 
with two vertical or slightly inclined perforations, through which are passed 
**!>»» bars with T or angle ends, capable of engaging agaitist the underside of 
the block when turned through a right angle. When the blocks are very 
he^vy. the T heads should be provided with hard wood or iron-bearing surfaces 
^ ptrevent the concrete from Buttering damage. 

Bond. — -The problem of bond in breakwater conatraction ia a difficult one. 
Tlseorelically, the effect of introducing a system of interlocking ia to materially 
I strengtheu the breakwater by binding together, in close association, the 

I Kparate elements of which it is composed. Practically, there are the con- 

I Kcjuenccs of unequal settlement to be considered, whereby the sinking of any 

I \^rx of the breakwater will probably fracture the blocks connecting ihat part 

I *»th the portions adjoining. The evils attaching to such a contingeucy can 

h uQly be averted hy discarding the idea of bonding horizontally. Vertical or 

^k Blopiag joints then become inevitable. The breakwater can be connected 

^H longitudinally, wherever this is done, by means of dowel- or joggle- joints. 

^H Suah connections offer no resistance to settlement. A (/ow«/-joint consists of a 
^H xjuare-Bhaped aperture, set diagonally, one-half or a V-ehaped portion being 
^1 out out of each of two stones. When ihese are joined together, the aperture 
^1 h filled with a piece of stone of diamond section or with concrete. A 

^M joffgle-joint differs only from a dowel-joint in that the connection is formed 
^1 by a projection on one piece fitting into the aperture in another. It 

^L w Lbe stToogei method of the two, but more expensive, because u coQ- 
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sider&ble quantity of ODe stone has to be cut Away in order to ttanm *^ 




Dovetailing is anolber method of bonding masonrj, but it neceseitata 
much elaboration in fitting and jointing, and therefore is costlj. It has be£ 
ver7 often used for lighthouse work. 




10 s 10 20 30 te X 
luiM 1 ±. 1 1 T 

Fro. 14S.—Piano-bIockwarkftt North Jetty. Tynemouth. 
Somowbat similar, though perbaps less iutricate, is the system of "piano" 
itoeif ' Messent in the coustructiou of the Tjne breakwaters. The 

' between a dowel and a joggle is, bowBrer, not klwsyi obaarrw], and 
■■ted M syuoDymoiu for either cloM of joint 
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Fiii. 143.— l)<ia-plug, 
I Portland cenieut. 
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object o[ theee wah to prevent the eliding of the blocks traiisverGel; when 
struck broadside hy a heuvy sea. The s^Htem, however, did not prove a 
success, and is unlikely lu be repeated. 

ijoLli the foregoing arraD|;;euientB are costly and tediouii. The object in 
view may be achieved to some extent by meims 
of ired-plugg. These arc projcctious of stone or 
iron staniliug up above the level of one course 
of l>locka and fitting into apertures in the under- 
side of the next course. I 
JUetal cram/is form an effective connection, pro- ' 
vicJiad thoy are protected from the possibility of 
rusting and corrosion. This can only be satis- 
factorily reitlised by bedding them below the 
autfaci! of the stone and completely inclosing theui i 

Sloping^ Bond.— The term sloping bond has been applied to an arrange- 
nieut of blocks whereby they lie tilted on end a little out of the vertical— the 
wgle of inclination varying from 80 to 60 degrees, or rather less. By 
this system the blocks are fairly freo to slide, in case of settlement, without 
disturbing the adjoining courses. When, however, as in many cases, dowelling 
sind bed-plugs are also introduced, this freedom of action exists only to a 
restricted extent, the frictional resistance to 
movement being considerable. 

The horizontal bonding of blocks — of 
dubious advantage, as it is in the npper part 
of a breakwater where the blocks can be 
accurately adjusted, and the bod-joints well 
Hushed with cement—is a matter of almost 
positive harm in the courses which lie below 
water level, where, in most cases, blocks have 
to be laid without bedding, and where the 
joints are left open. It is manifest that, 
under such circumstances, the blocks are not 
bearing equally on their beds, and it is readily 
conceivable that a long block extending over 
three others in a lower course might only be 
Kin. m,-8li.pmg Hondoilitiaik- supported at each end. The risk of fracture 

HUtiira, 800 alao fie. 129, 11. 157. 1 , .u u 

* ' ' would then be very great. 

During the progress of the work, anil especially at the commencement of a 
winter season, or other period when operations are intermittent or entirely 
suspended, care should be taken to see that the end blocks of the work 
actmilly executed ai*e amply secured. 

Grouting: under Water.— The joints of work under water may be 
filled, to a certain extent, by means of grouting from the surface. A pipe or 
tube IB arranged so as to conmumicate with the part proposed to be dealt 
sitli, Kod tLiuugh this tube, under a ouusiderable hewl or under direot 
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pressure from a ram or piston, fluid concrete is forced into all the adjao&xi.'C 
cavities. To prevent the escape of the concrete, however, all the lace joixmts 
must necessarily be closely caulked. This has been done in certain cases 
forming slightly dovetailed grooves near the outer edges of the blocks 
ramming them with rolls of canvas containing neat cement, as shown. 

sketch (fig. 145). These were allowed to harden, a^xxd 
the joints packed with shingle before grouting. 

In the case of wide joints, the apertures may 




° ""^■•■•••■•••^■•— — faced with brickwork in cement, or with small 

containing neat cement, stacked compactly. 

The concrete for grouting purposes should not 
*^°*pl^ki^°^"^ too fluid. Other materials are also used, such as ehy 

worked up with hydraulic lime, and sand mixed witb 
iron filings and sal ammoniac ; but Portland cement concrete, on the whole, 
is preferable. 

Minor Breakwaters. — All breakwaters are not planned on the same 
scale. Massive construction may be both necessary and possible in the case 
of leading harbours and ports. But there are also small harbours, where any 
great outlay on protection works is out of the question, and where some 
expedient must be contrived for aflbrding reasonable protection at moderate 
cost. It is both interesting and instructive, therefore, to consider the steps 
which have been and may be taken to meet these cases. 

Crib and Box Breakwaters. — The submersible caisson of steel and 
concrete has had its prototype in a long, wooden box, floated out into position 
and filled with rubble. Such was the form of breakwater adopted in many 
early instances, and still practised at some ports on the Baltic seaboard. 
These boxes or cribs were braced, at intervals of 8 to 10 feet, by transverse 
partitions, and, in wide boxes, there were often one or two longitudinal 
partitions as well. Floors of planking were arranged in several — about three 
— tiers, with a charge of stone incased in eack Both the outer casing and 
the inner partitions were constructed in solid timber. 

" Stone cribs of this type of construction constantly required repairs, since, 
apart from scouring, the terminal boxes were damaged by every strong sea ; 
the planks and the upper balks were torn ofl*, although secured by means of 
strong iron bolts, and the stones were hurled about." ^ 

The dams were strengthened, as far as possible, by driving piles through 
the inclosures^ in two rows with cross ties, and by depositing a mound of 
huge stones in front of the seaward face. But no measures proved com- 
pletely satisfactory. Breakwaters such as these could only be employed in 
comparatively shallow and but moderately exposed positions. Depths of 15 
feet of water probably mark the limit to which they may be advantageously 
applied 

Somewhat similar to the foregoing are the timber cribs used on the North 

American Lakes. They are box-shaped frames of timber constructed in open 
' Andenou on Breakwaters, Proc. Int. Nav, Cong, Milan, 1905. 
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work, witli numerous compwtmenta formed by mcanB of transverse and longi- 
tudiual ties. The compartmeiiUi form receptacles fur etone rubble. From 
tbe crudeneas of their build, theee criba can only be looked upon as of the 
nature of temporary etruoturea. They are referred to in somewhat greater 
detail in Doek Engineei-ing} 

Paseine Work. — Another form of conetriiotion adopted in certain 

localities for moles and breiikwateni is known aa fascine work, and consista 

"F bundles of bruslin'ood arranged ati mattresses, which are sunk in position 

ii Bucceasive layers and weighted with stone. Piles are then driven through 

the mattresses into the sandy bottom to prevent displacemeul. In process 

•^f time the interstices of the mattreaaea become filled with sand and drift, 

'orming a solid mass, The system is more particularly character! stie of the 

low-lying coasts of Holland and llenmark, though it is also to be found on 

Prussian shores. Fascine mattresses are also described at some length in 

'Awi Engineerinij,'^ and tbey are alluded to in Chapter IX. of the present 

Volume in connection with channel training-works; but, as in the previous 

iiutauces, they have exhibited no great resisting powers to rough seaa. 

The following is a description of some early breakwaters on the Baltiu 
littoral :— 

"The fascine dams consisted, according to the depths of water, of one or 
several layers of fascines 3 feet to 4 feet thick, which were Hoat«d down from 
the inner harbour where they bad been made, and sunk on the spot. The 
upper layer was afterwards covered with a packing and with a stratum of 
small stones and rubble, about 3 feet in height and rounded on the top, 
This cover was paved with lai'ge, approximately cubical, stones of granite, 
f The capping, which had a width of aliout 13 feet and was slightly arched, 
Ivfts scarcely 6 feet alx>ve mean water level. The slope from the capping 
town to the outer edge was 3 to 1 on the sea side and 2 to 1 on the harbour 
The thickness of the stone paving was 3 feet in the capping and 2 feet 
sewhere. The stone layer was further secured by strong oak piles from 
LV^ 10 feet long and 6 inches square, called caisson piles; they were driven 
UiceB apart of 6 feet along the edge of the capping, and of 18 inches 
g; the water-line. 

"These fascines were exposed to heavy damage, for every storm from 
sea lifted the paving stones of the slope, especially at the head and on 
I' (he sea side, from their seats, and carried them inland, or hurled them up the 
L slope and over the mole into the inner harbour. The reason for this was 
mainly that the stones did not lie sufficiently close upon the flat slopes, and 
that they could be loosened separately and disturbed by the waves, lucking 
sufficient weight in themselves tu resist this action. In order to make 
the surface of the slope as plane as possible, with v. view to avoiding points 
of attack for the impinging waves, the stones had been placed with their 
) roughly hewn, approximately square, heavy portions^that is to say with 
|itheir bases — upwards, and with the tapering parts downwards. In this 
' pp. 2B9, 287. " pp. 382 ^ seq. 
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l>OBitiou they were only secured by being packed underneath with smalM.^ 
stones and by leaning against one another. The stones were not furtt^.^ 
fixed, therefore, and although they were as closely packed on the surfitce a 
was possible, the remaining gaps, especially between the lower portions ^z 
the stones, afforded the waves sufficient front for attack. It was for t'b. 1 
reason that the joints of the stones were at a later period dosed with concret^^ 
when a quiet sea and low water permitted such operations. These 
diminished the destruction, but did not by any means prevent it ; for 
chief trouble arose from the insufficient loading of the stones, which oo\ilcl 
not be altered, and the part of the structure which was most exposed, sL^., 
the toe on the sea side, could not be strengthened and properly secureci- 
The toe of the slope on the harbour side could be strengthened by forcing in 
several layers of balks behind the pile walls, and it was against these balks 
that the cubical stones of the slope were resting. Nothing of the kiad, 
however, was possible on the open water side. Rubble mounds were useless; 
for the stones were driven inland or raised up the flat slopes of the moles 
into the harbour. There was nothing left, therefore, but to place furtiber 
fascines in front of the slope to fill up the hollows formed alongside the m ole, 
and to restrict further injury to the pavement." ^ 

Another simple method of breakwater formation is to drive a double k~cw 
of piles and fill the intermediate space with rubble, the piles being retaizsed 
in position by longitudinal walings and transverse ties. The piles may he 
either of whole timber or of iron. In one case, at Touapse on the Black &^ 
railway metals were used for the purpose. On account of the disruptive 
tendency of the hearting, it is necessary to have good stout piling with strong 
transverse pieces capable of offering ample resistance to the lateral pressure 
imposed upon them. The piles are sometimes driven in an inclined directioo, 
pointing inwards from the bottom towards the top so as to increase their 
stability. 

Examples of Breakwater Construction. 

North Pier at Tynemouth.*^— " The new length of pier (1500 feet long) 
is being made of Portland cement concrete blocks bonded from side to 
side of the pier, no mass work being used except above high water level. The 
heaviest blocks weigh (in air) from 30 to 40 tons, and those exposed to the 
sea are faced with Aberdeen granite. The blocks below low water are built 
without mortar joints, but they are interlocked by round joggles and other 
means to such an extent as to render relative movement among them impossible. 
Above low water the blocks are built with mortar beds, the joints being also 
grouted up. The material overlying the new foundations is excavated by 
means of grabs, and as soon as the grab has worked down to the shale, a 
diving-bell is used to level the bed for the blocks. 

' Anderson on Breakwaters, Proc, lid, Nav, Cong. Milan, 1905. 

^ Barling on I^ne North Pier Reconstruction, Min, Proc IntL Meeh. E., Newcastle 
Meeting, July 1902. 



"The diviiig-lwll now in use ia 12 feet long by 9 feet wide by 6 feet higl 
id four men work in it at a lime. The pressure, which, of course, varies 
ith the depth of water, is about 20 lbs. on the square inch above that of 
le atmosphere, and up to now (1902) there haa been no case of sickueaa due 
' vrorking under air-pressure. When the bed is prepared, tlic blocks are act 
r helmet divers, and as great care is taken to get them level and true aa if 
ley formed part of an architectural structure above water. The reason for 
iroencing the work at some distance aeuward of the junction, was to admit 
be work being c:irricil on at tw" faces, and thus extended aeauard and 
Wioreward simuUaiieouHly." 

Breakwater Construction at Aldemey.— The following detailed 

Inscription of the operations in connection with the construction of the wall 
^* euperstructure of Aldeniey breakwater will be found extremely iuHtructive, 

'ho acted as 



breakwater 
account of 



! first 



It in quoted from an account' by Mr (now Sir) John Jacki 
Contractor's agent on the works for a period of nine years. The 

ID fortunately subsequently acquired an unenviable reputation or 
Ue large annual expenditure incurred in ita maintenance. 

" In building the walla, as no machinery of any kind could 

[wring the winter, the works had to be recommenced every yeai 
operation was taking down a machine called the 'Samaon,' invented in 
Alderney. This wns like a railway tum-taltle on wheels, with balks of timber 
76 feet long, placed across .ind over-trussed; one end, which projected past 
the side of the table farther than the other, was called the jib, and at the 
other end was the balance- weight. A double-purchase crab was Hied in the 
centre, which worked a cliain over a travelling sheave near the end of the jib ; 
mnd the whole revolved on the under frame. The gauge was 15 feet : just the 
^»ce left between the travellers or gantries spanning the sea and harbour 
walls. This machine waa capable of lifting a. weight of + tons in the water 
at a dislanoe of 30 feet from the outside edge of the turn-table. The first 
operation was to stretch the jib outside the end of the previous season's work, 
the forrmnn labourer standing on the outer end. This man held a copper wire 
attached to a large cast-iron plumb-bob, which, at alack tide, he let down to 
the place where the first pile or upright of the stage waa to stand, and at this 
spot a helmeted diver excavated a hole in the liank to receive the pile, to the 
end of which was fastened a stone weighing 15 cwts. When the hole was 
excavated to the required depth, the divert retire<l, and the pile was lowered 
by the Samson intfl its place. Four piles were set in a row 30 feet apart, and 
longitudinal-trussed beama, 2 feet 4 inches by 1 foot 2 inches, were placed frora 
pile to pile and formed a bay of staging, which consisted of ll'50 cubic feet 
of timber and 3 tons 8 cwts. of wrought iron in trussed rods, knees, bolts, 
straps, etc. The carpenters erected a baj' oE staging in a week. When the 
stage had advanced seawards three lengths or hays, six travellers or gantries, 
each capable of lifting 20 tons, were taken down the wall— an operation per- 
formed by the carpenters generally in one day. The gantries afiaunod the sea 
' Jfia. live. TnM. C.E., vul. ixiriL jk 87 ei atq. 
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and harbour walls, and the space between was occupied by two lines of nSlw^ji^^^ 
for conyeying men and materials ; and in this way the whole width of the fc««^p 
of the stage, viz., 70 feet, was occupied. 

*' About the middle of May in erery year the first block was lowered by fcftme 
helmet diyers' gantry to its place. The helmet divers' stage was sospend^!^ 
by iron rods from the beams of the main stage, and hung about 10 feet bel< 
it. To this stage wrought iron ladders were attached for the conveiiience 
divers descending to their work. Six divers were under water together — f€ 
on the seaside and two on the harbour side. They remained down four hoi 
at a time, when there was a shift ; and there were three shifts in the 
The life-line men and pumpers remained on the work all day, but the pomp^: 
were relieved every half-hour. The divers' apparatus and the stage wc^^ 
removed every night, so treacherous was the sea, for even in summer it wrsft.3 
not safe to leave anything at the level of the divers' stage ; but at the hei^i=B>t 
of the main stage, 10 feet higher, or 20 feet above high water, the sea soldo K^a 
disturbed anything. The mode of bringing the work up was by takix:^^ 
advantage of the spring tides ; thus it was expected of the divers that, in ^ 
fortnight, they would bring the diving work up to the level of low water, £or 
a distance seaward of 60 feet, ready for the masons. Whatever excavatio^^ 
was required for the lowest course, it being a great deal more at some tiot^ 
than others, or however rough the sea had been, the divers never failed 
prepare a length of 60 feet ; but they frequently went down a second time ^o^ 
an extra shift to accomplish this. The average day's work of a diver in t^b^ 
year 1860 was 8^ cubic yards of building ; in 1861 it was 11 cubic yards ; a<^^ 
in 1862 it was 14 cubic yards. Their work was excavating foundatioc^^ 
receiving the granite face-stones for the sea-wall, and setting the granite tind 
concrete blocks of the sea and harbour walls. The stones and blocks wer^ 
speedily lowered by a single chain 45 feet from the top of the stage by tbe 
gantry crabs and a rope-break. This latter was a piece of rope, with rope 
yarn twisted round, made fast to the frame of the crab and then fastened to 
the pinion shaft of the single and double gear. The chains employed were of 
the best charcoal iron ^ inch thick, and they were only used for two seasons. 

^* The divers' work being ready for the masons, to the level of low water of 
spring tides, two days before full or new moon, the resident engineer gave 
orders to commence setting the face-stones in cement, if, in his opinion, the 
tide fell low enough ; otherwise he could stop the works. The masonry of the 
breakwater on the sea face was of granite and native Aldemey stone ; on the 
harbour side it was of native stone, and the space between was filled in with 
backers and small rubble. The backers were as large as the machinery would 
lift, and were set in Medina cement and sand, in the proportion of 1 part of 
cement to 2 parts of sand. Sand suitable for building occurred in abundance 
in the island. No better cement could have been had for the purpose, for 
very often the masonry, ten minutes after it was built, was covered with water. 
No large stock of cement was laid in, as its quick setting qualities were 
impaired by time. The masons endeavoured to keep the work done at each 
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tide aa long as possible out oF tlie water, and to get a course closed up ia one 
operation. When the masonry had been brought up three courses, the tide 
wti« cousidered to be mastered. The helmet divera had two gantriea ap- 
propriated to their work, and the masons had foiir. The masons came out at 
aooti and at midnight, and it was always low water at that time; therefore 
Qeaj'ly haU of the wall above low water waa built in the night. The average 
day's work for each mason waa 6^ cubic yards, and do piecework waa 
permitted." 

The diving work waa always ended in August, and the building up to the 
quay level in September, while the promenade was generally finished before 
Ghriatmas. Tlie rate of progress gradually increased from 300 linear feet to 
600 linear feet of wall per annum, 

Mole or Jetty at Zeebrugg-e.'-— The outer portion of the jetty at 
Zecliirugge is constructed in solid concrete, and it baa a foundation composed 

CROSS SECTION 
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of monoliths, or blocks, S2 feet long by 34j feet wide ui the portion flanking 
the quay, and by 29J feet in the iwrtion beyond, the heights ranging from 
33 feet to 30 feet according to the level of the foundation bed. 

These coocrete blocks are inclosed in an iron framework caisson, which 
served ns an outer shell. The plating in sides and floor is ^ inch thick. 
Lattice beams Z\ feet high stiffen the bottom; eighteen frames strengthen 
tlie aides; and on the underside ia a rim or edge 18 inches deep. 

The caisaons were manufactured in the workshop adjoining the site, the 
various parta being conveyed to the block-yard at the inner harbour by means 
of railway trucks, from which they were unloaded by an overhead land 
traveller or gantry, 
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This laud traveller was a kind of moTable bridge running on a doul 
track. Its extreme span was 220 feet, the length comprised between 
supports being 66 feet, and the two cantileyer arms 66 feet and 88 U 
respectively. It served five rows of caissons. 

The caissons were put together on wood blocks or packings, but, as 
as the rivetting was finished, these were removed and the caissons lowered 
the ground. 

At this point, concreting work was put in hand, commencing with 
floor. The concrete was composed of 3 parts of broken stone, 3 parts of 
and I2i lbs. of Portland cement to the cubic foot. It was mixed by 4^ 
electric motor mixer, served by a crane which lifted a box containing the c^Kr^ 
ingredients and tipped them into the hopper of the mixer. Hence there y^ras 
a gradual sliding progression into and through a cylinder working with a 
rotary movement and slightly inclined. The materials were turned over and 
mixed — dry throughout one- third of the length and wet throughout the 
remaining two- thirds, the water being administered through a central 
perforated tube. The output could be regulated at will. 

By the time the concrete had reached the extremity of the cylinder, it was 
thoroughly incorporated and all the stone well bedded in mortar. It was 
then allowed to fall into compartments on small wagons, and conveyed along 
double tracks on to a traveller of the same form and range as that already 
described. The wagon boxes were tipped into shoots attached to the traveller, 
and set over the caissons. 

While the concrete work of the floor of a new block was in hand, a large 
framework " mould-stripper/' consisting of a stage resting on strong cross- 
beams supported by two upright frames the same distance apart as the frames 
of the concrete mixer and running over the same track, removed the moulds 
from the blocks previously finished, with the assistance of two electrically- 
worked derrick cranes. 

The concrete mixer next turned back and concreted the partitions, 
and, this being done, both it and the mould stripper were free for another 
block. 

The blocks, as was remarked, were constructed in the inner harbour and a 
branch dock, which was emptied for the purpose of these extension works. 
As soon as the new lock and its entrance channel had been completed, water 
was again admitted, and the blocks, being finished, were ready to be towed to 
their allotted positions. 

The first block was set in place on 20th May 1900, and two others 
succeeded it before the cud of the year. The work was then interrupted by a 
severe storm on 27th January 1901, and was not resumed until 20th October 
following, in consequence of the damage which accrued to a framework jetty 
connecting the mole with the shore. 

The operation of setting the blocks in position was as follows : — 

In the first instance the blocks, as stored in the inner harbour, were allowed 
\ water to keep them stationary. Their sides projected from 15 to 
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ihee only tibove the surface, When nbout to be moved, they were 
«[uptied bj a centrifugal pump, which was inclosed in sheet iron casing to 
jrotect it from the water, for it hod to be sunk below the surface to iivoid the 
xieceasity uf charging it. As the process of evacuation proceeded, two rows of 
props or BtajH were inserted in the caipson nt right angles to the sides at 
terfort. Tlipse stag's were destined to resist the externiil prepsiire 
4>r the water, the side walls of the caisson hein); insiifliciently strong in 
themselves. 

Next was placed on top of the 
caisson a stout log of timber 60 feet 
long and 15^iiichos square, and it was 
firmly secured to anchpirages in the 
concrete. The object of this was tf> 
assist the alignment of the caisson. 

Two longitudinal timber walings 
were placed along the sides of the 
caisson and connected by throu)>h 
bolts, forming transverse ties. This 
was necessary to strengthen the side 
walls in case ut an excess of internal 
pressure, and to prevent them from 
yielding outwards in case of invasion 
by waves in a rough sea. 

Finally, a huge ateel cable en- 
'Circleil the caisson and formed a 

uiB of attachment to the tug. 

The block was thus in every 
way equipjwd and ready for towage. 
It floated easily. The hollow spaces 

ill its interior were adequate to coimtcr- ha lance the weight of the concrete 
Bod framing, and to permit it to emerge from 2 feet to '2 feet 6 inches out 
of the water. 

It w.is lowed through the look by a tug of 300 H.-P. At the outer gates 
a second tug of the same power placed itself in tandem. lu the open water a 
third tug joined the roar of the procession so as to prevent the block from 
.yawing. Departure took gihice about the time of high water. At this time 
the flood current is still very strong, and the caisson presenting its broadside 
thereto tended to be drawn in a direction away from the jetty. Aliout an 
hour and a half was necessary for each journey. 

It was found that on the way the caisson often shipped ijuantities of 
water, and so wood coamings were provided to increase the freeboard and 
prevent the incursion of waves. This was the more necessary during that 
period of the work when the roadstead was very exposed. As the work pro- 
gressed, more and more shelter was obtained, and the blocks were finally able 
to travel in perfect tranquillity. 

u 
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When a block had reached the citremily of tlie tiniBhed portion of t 
jetty, one end of it was moored up thereto by cables which led back t 
winohes on the }ettj, and the flood-tide commencing to slackeo, the block k 
gradually swung round by the tuga and brought into proper alignment. Its 
IKwitioii was accurately determined by two guiding elements : one, on the 
right hand, the long beam already alluded to, and arranged so aa to bear 
against the jetty structure ; the other, on the left, at the outer extremity, an 
enormous truncated cylinder of concrete 13 feet high, weighing 55 tons and 
resting on the sea bottom. 

As soon as the slack of the tide arrived — it only lasts a little i 
than a quarter of an hour, — the plugs which closed three ori6oe8 i 
sides of the block were removed, and water flowed iuto the iuterior of the" 
caisson, which gradually foiiudered. The procesa of ainking was often 
haatenod by the water [Kturing over the side walla until the caisson finally 
disappeared from view amid a swirling eea. The sight was remarkal 
inijiressive. 

1'hc caisson reappeared above the surface at low water, when 3 feet wjl 
of it became visible. It was freed from its temfwrary atrutling, guide betab^ 

The tilling in of the compartments with oonorete commenced immediately, 
and wag continued to conclusion without cessation, except during the period of 
strongest tidal run towards high water. 

The concrete was manufactured in a yard situated at the junction of the 
jetty with the shore. At this point were assembled imnionse lianks of gravel 
from the Khine, and quantities of Portland cement from Cronfestu, Niel, 
Tournai, and Les Laumes. The stores for the cement consisted of three 
galvanised iron buildings, covering a superficial area of nearly 1100 square 

Four electric concrete mixers, each manufacturing 260 cubic yards i 
ooncrete per day, were located at eaoh aide of the stores ; they weri 
an electric crane, and water was laid on to each from a water tower. 

Suitable sidings permitted waggons carrying skips to present then 
selves under the shoots of the coTicrete mixers. The gravel and cemei 
duty measured were deposited in layers in these skips; the crane liftd 
the skips, swung them, and emptied their contents into the hopper 4 
the mixer. 

The completed concrete was discharged into skips holding 12 cubic yu 
each. These were carried on special trucks drawn by ropes from elecM 
capstans. 

When four skips had been marshalled, a locomotive took them iu charge 
and conveyed them to the extremity of the jetty. Here a Titan crane or a 
pair of sheer legs lifted them from the trucks, carried them over the caisson, 
and lowered them to the iKittom, where they were automatically disoharg 
without loss or disturbance. After each discharge the skip was withdra 
and replaced on the waggon. 
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Upon the foundation course thus prepared was raiaed the body of the 
sfcV>y, which coropriaed three coiiraea of concrete blacks, each IGJ feet long, 

-^ feet broad, utid 6} feet high, weighing 55 tona. The concrete of which 
ka.^3r were composed was rather richer in 

^^<3ribed, in that it contained 1+J Ihs. of 
^■r»-»ent per cubic foot instead of I2J llw. 

Breakwater at Cette.— New apura 

3K ttsiiding the esiating brenkwater at this 

>*;»»"t at each extremity of its length were 

^<»»r»Ktructed between the years 1881 and 

189 5. The foundation is of n very shifty 

ai^tvre, being sand exposed to consider- 

^V>1^ scour. Such action inevitably tends 

t** settlement and dialocation in any atrnc- 

^*i«"«5 built upon it. Still, the problem 

"^tcl to be faced, and the system adopted 

s follows. Upon the treacheroua base 

t deposited a mass of small riprap and 

*"'*Vii)le, the pieces ranging up to a weight 

**^ -440 Iba. and forming a core about 80 

'e^t wide by 13 feet thick (fig. 153). 

■*-^^*«Te thin there is a layer, one-half that 

'■'Sickness, of larger rubble, the largest lumps 

"^^ which attain a weight of 4 tons each. 

' "iiB layer extends seaward of the riprap 

^'^t'e for a distance of about 60 feet, and 

'■'hereon is laid in regular horizontal courses 

*»"tificial blocks having a volume of 700 

Cubic feet each. 

Tho blocks were laid by floating der- 
ricks, and were so placed as to have 
their longitudinal axes perpendicular to the 
lino of the breakwater. They arc not 
in actual contact with one another, but 
the spaces of 24 or 30 inches between 
them have been filled up with masonry 

tand concrete so as to form an unbroken 
front. 
The lowermoat two coursee of blocks, however, on the sea aide n 
tipped into position, the up|ier surfact- being roughly levelled 1 
rubble tilling. Altogether, the blocks were not adjusted with the j 
which is characteristic of aimilar bicakwaters elsewhere — at (ieuoa, for 
instance. 

At firat it was intended to surmount the whole structure with a blockwork 
Mt, bot this idea was abaodoned, aa the addition would probably have 
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reacted detrimentally upon the stability of tli« outer slope by ii 
recoil of the wares. As it is, the «ea OTerrides the breakirater in rongfa 
weather, and this, combined with an unstable foundation, produces movemeats 
ID the outermost blocks. Voids are created, and tbvme have to be filled with 
fresh blocks tipped as closely as possible into poaition. Ueuce, the ae&ward 
face is losing, to s very large extent, its arrangement in regalar ooursea, so that 
the desirability of creating, or of attempting to maintain, anything of the kind 
with detached blocks in an eijxiaed iHwition, is open to qnesljon. 

The cost of depositing the blocks was as follows :— 

Tipped overboard, 57a. per block. 

Set without regular coursing, 78s. 6d. per block. 

Set and coursed regularly, 93s. 4d. per block. 

The cost of the breakwater complete ranged from £75 to £90 per foot 
run. The cost of replenishing the blocks on the outer slope forms a current 
charge of about eight guineas por lineal yard per annum. 
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Breakwater at Bilbao. — The protection works in Bilbao Bay, at the 
mouth of the River Nervion, afTord an ilhistmtion of the method of con- 
struction by caisson monoliths. The example is the more interesting in that 
the original design for the breakwater was very materially modified under the 
severe experience gained in the course of its formation. 

The original design is shown in (ig. 155. It comprised all the features 
associated with breakwaters of the mixed type, viz., an inner core of small, 
with an outer layer of lai^e, rubble stone surmounted by large concrete blocks 
deposited at random, upon which was to be erected a superstructure of mass 
concrete with blockwork facings, and an upper parapet wall. The foundation 
consisted of mud and sand except in the parts immediately adjacent to the 
shore where the rock was exposed. The artificial blocks contained from 40 to 
65 cubic yards each, and brought the level of the work up to low water line 
of eijuinoctinl tides. Begun in 1888, the substructure was allowed to settle 
for a couple of years before any additional weight was imposed upon the 
foundation. 



In 1891 the HuperelruLbnre uoa comiutnced and iii 1893 indubitable 
evidence was given of the prejiidiual and even dituiatroua iiiHuciiue whlcili il 
exerted u]>ou the bFe&knater aa •! whjle The v.avett strikinf^ nguiaat the 
vertical face uf thi. «all h\\ 1)3Lk mtli great force upon the top uf the tnoiind, 
diHturbiug the bWks and laying baru the rubble core wbioh was then easily 
washed away. The expertenLC was renewed and conhrmed in ihe following 
yoar by a stonn which tiks ilready been illuded to 

Accordingly, a change of plan nas decided upon Thi. siiperBtructiire was 
commenced at a loiel of 16^ feut below its former loel Most probably tbis 
in it«elf would have been inaultictt.ut to sec iro immunity from undcrniining, 
reaultjng from the collapse of waves iiad their back draught, had there not 
been additional shelter afforded by the setting back of the line of the wall 
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nearly a couple of hundred feet from the seaward face of the artificial bhicks 
of the original breakwater, whiuh latter thuit constituted a sort of advance 
guard or outlying defence. The breakwater, in fact, was prautically 
duplicated with n. block mound in front and a wall at the rear, as shown in 
fig. 155. The apace between the two (about 100 feet) not only reduced the 
force and violence of the waves, but it also afforded some coiiBtructiotiiil con- 
venience by providing room for a tugboat to work and faeilitate the biiildiug 
of the wall. 

To render the wall as solid and homogeneous as possible, it was decided to 
build it with the aid of frameil and plated caissons The dimensions adopted 
for these were 42 feet 6 inches long by 23 feet wide by 23 feot deep. The 
weight of tlie eaisBons was 30 tons, and they had a. light draft of 121 inches; 
but before actually towing them into position (they were constructed on the 
river bank), they were balhisted with a layer of Portland cement concrete 
& feet thick, which increased the draught to a little over II feet. Whoj^ . 



iiniiiiiii 



sunk i» poailioii, they atTorded a margin of 6 fc-et 6 inches above low-tide 
level. The material of the caiasoua wm Boasouier steel in platee J inch thick. 
strengthened internally by longitudinal nnd trtmsverHe bulkheads of lattice- 
work so oe to form six equal compArtuientB. In each of these coinpartnenU 
were subsequently placed two concrete bli>cks of about 40 cubic yards volutne. 
The rubble work bed oii which the caissons were to rest was levelled 
ready to receive theiu through the agency of a diving-bell. The time ooeupied 
iu this o])Cration varied from one to two days. The caisson, having be«D 
ballasted, as already stated, was then towed into position during the lost two 
hours of an ebb-tide, ho as to allow as much time iis possible for its adjust- 
ment and settlemeut. Sinking was effected by pumping water iuto th< 
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Eta. 166.— Bilbao Breakwater, showiug TiUu and Csiasoa. 

interior of the caisson through a centrifugal pump suspended from a Titan 
craue and worked by an eleotrio motor. If irregular settlement took plaee, the 
action was reversed and the caisson reHoated until its misplacement had been 
rectified. Once truly placed, eight or ten 40-cubic-feet blocks were deposited 
in the compartments of the caLssou by the same crane. This generally 
absorbed the whole of the time available on the tide. The following tide, 
after pumping out the caisson, the remaiuing blocks were deposited and 
liquid concrete was run in between them and the others with a solid layer, 
20 inches thick, covering the whole. 

During the third period of low water the superstructure was taken in 
hand. It consist of two facings of concrete blocks, approximately 13 feet h 
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1 feet by 8 feet each, set iu two amraea as headers and utretchers alternately. 

TThe heartiDg is of niasa conurete. Given favourable conditions and line 

"^weather, the siiperetnicture could be fiiiisbed during the fourth tide with the 

sception of the parapet wall, which was not uudertakeu unLil the full measure 

f settlement had been obtained. This was eoiisidered to have been achieved 

.fter the lapse of a couple of winters. From the moineut a caisson was firat 

tiaced to the cunipletion of the superstructure, the settlement averaged about 

i inches. Under the load and vibration of the Titan crane setting blocks 

iirther senirard, and under the influence of winter storma, a further settlement 

of 16 inches took place, making 24 inches in all. When this had been 

realises), tlie joints between the caissons, which were 12 inches wide, were 

zuade good with cement concrete, and the parapet wall was built. 

The total amount of the contract was equivalent to £962,756, and, as the 
length of the breakwater is 4757 feet, tlio cost works out to £203 per foot 
run. The quantities of material iu a caisson length (42 feet 8 incheti) were 
na follovTB : — 

Cub. yds. Cub. yds. 
^ I Bottom biill»sH2 fett 8 ilicliosx23 ffetxl feet 11 inohpa = 178'54 

S~ ) Twelve blocks e«ch3B'4 cubic yania . . . 470'8S 



Say 1311 cubic yaitla in ull. 

Breakwater at Bizerta.' — The type of structure primarily adopted at 
Bixerta for the converging jetties at the entrance to the port, built laetweeu 
1889 and 1895, was the rubble mound, consisting of a core of pien-e jierilue 
of ull sizes, surniuunted and protected on the sea face by a revetment of 
natural blocks of largo size. The site is not so exposed to violent galea as are 
other places on the north coast of Africa, and this system of construction was 
found to answer very satisfactorily. Unfortunately, the local stone (a marly 
limestone of poor ([Uality, flaking rapidly iu salt water) was of such a character 
as uot to I'.umtuend itself for further use, and a complete departure in design 
waa made iu dealing with the new breakwater and the extension of the north 
jetty, the former of which has a length of 2000 feet, and the latter of 660 feet. 

These works, as shown iu fig. 157, were carried out by means of metallic 
caissons with movable npper works, forming ultimately huge artificial blocks 
faced with marble, which were laid upon a nitiss oF miscellaneous riprap at a 
level of 26 feet below low water. The blocks measured 102 feet by 26} feet 
by 26J feet cubing at 70,000 feet, and having a weight of 5000 tons each. 
They were set with groat precision, and only twii blocks out of twenty-three 
varied perceptibly from the eXHet line. The settlement, averaging 27 inches, 
was very regular throughoiit. The slopes of rubble, however, intended to be 
Db Joly ou Brmkw»lerb, Min. I'roc. TtiUh Int. A"o». Cong. Milan, 1806. 
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5 to 4 Oil both Bides, had to be reduced ou the sen face to& toS, and a furtiter 
modification of the original design was the extetiBion of the riprap on the port 
side so as to afford an additioual 16 foot of base. The original and modified 
outlines arc shown in the section. The work waa completed in 1903. Un- 
fortuiiutelj', the eiibseqncnt history of the breakwater hoa not been free from 
disappointing incidents M. de Joly reports as follows: — 

"In spite of their great sIes the artificial blocks are not absolutely stable. 
A nortli-ueetcrly storm Which occurred in February 1904, destroyed the 
regularity and uymmetry of the breakwater in a few hours : not only did the 
blocks settle unevenly and cant slightly towards the interior, but some of 
them beoauiG wed^'ed iu after pivotting atiout their western ends. The 
displacement of the eastern ends amounted lo as much as 6 inchee, giving an 
angular slew of ^g. 

" An attempt was iiuttlc to avoid any return by concreting up the vertical 
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Pki. 167,— Section of Biee 



joints, which occur every 100 feet or bo ; aimultaneouely the interior slope was 
strengthened as previously described. 

"Tlie filling of the joints was just about finished wheu, at the end of 
November 1904, a storm arose from the east and occasioned further important 
dislocations. Alt the jointo were split and some of the blocks seriously 
damped, h'cars arc entcrtnined that any sulisequent storm will so increase 
these injuries as to completely rractiiro the joints and split the blocks 
vertically. 

" It accnis evident from the November ei|i<?ricnce, which is different from 
that of the February one, that the width of 26 feet 3 inches is somewhat 
insufficient for a 5000-ton block under existing circumstances, and that 
undoubtedly it would have been preferable to increase the width to say 
33 feet, leaving the vertical joints between the blocks open so aa to allow 
of settlement freely without tension or shear. Also, it may be questioned 
whether it would not have been a better plan to make the topmost layers of 



iTould more effectively resist crushing and 
a of the weight of the blocks and the shock 



ri^ni]) of harder miitcrial, whi 
grinding under tbc conibiued a 
of tlie waves." 

Tiie cost of the earlier type of breakwater (rubble mouDd, with the same 
sap(?r«tructnre hb that io tig. 1^7 above the caissoa block) was .£142 |)er 
Uat^iir jard, while the cust of the later caiasun tyjie was £182 yer yard. 

Breakwaters and Piers at Dover.'— The breakwatore and piers are 
fiifijied of concrete blocks of from '26 to 40 tons each, according to the 
WKi^cnciesot the bond to which the work conforms, and the average weight 
fcht^oiigltout may Ik taken at 32^ tons. The blockn were built, in the yard, 
**' G to 1 concrete, and those for face-work Imve granite frontB. All the 
"'ocska from foundation level upwards art bonded and dowolled with 4 to 1 




concrete dowels of circular section, while above low water the courses are 
Wded and grouted in cemecjt. 

The blocks were set by means of Goliath overhead travellers running on 
temporary staging. In the cpse of the Admiralty works, the roads on the 
ntagingd were 27 feet (i inchcx above high water of xpring tides and 46 feet 
3 inchoa above low water. The piles were arranged in trestles ur clusters of 
six to forni spans of 50 feet 3 inches, nod the Goliatlis, both uu the stitginga 
and in the workyards, were all of 100 feet gauge. 

The system of oiJerations, carried on simnltaneously, was as follows. At 
the outer end nf the work was a stage-erecting machine, followed by a Goliath 
crane working a grab ; then a seeonil (ioliath, from which the diving-bell was 
worked. Following this can.e a third Goliath, setting blocks under watvr; 
and behind that, a fourth, setting blocks above low-water level. 

The diving-bells used on the works were 17 feet 6 inches by 10 feet, with 

6 feet G iucbes headroom. They weighed about 35 tons out of water, and 

' rvie MatthewBuu Hurboura, Trimi. Am Soc. C.E., vul. liv. 
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5 tons when submerged. They were fitted with the electric light and 
telephonic communication, but it is recorded that the men pi^ferred 
mechanical signals. 

The foundations generally were carried from 4 feet to 6 feet into the 
chalk and flint bed, and were protected from the abrading action of sea 
currents on the outer face by an apron of concrete blocks 25 feet in width. 

Excavation for foundation work was carried out by grab-dredging down to 
within 12 inches of the finished level, and the remaining material removed by 
the aid of bell-divers. Four men were engaged in the bell, excavating and 
finishing the foundation ready to receive the lowermost course of blocks. 
Each shift was of three hours' duration, and two shifts per diem were generally 
worked by the men. When the weather was favourable, work was con- 
tinuous, night and day. 

The greatest depth of the foundations is 53 feet below L.W.O.S.T., the 
average depth being 47 feet. There was thus an average working head of 
66 feet at H.W.O.S.T., corresponding to a pressure of 29 lbs. This head has 
been found to be a maximum for working under comfortable conditions; on _ 

several occasions, when the depth was exceeded for a short period, incon- 

venience was experienced from the extra pressure. 

Very excellent plant was provided by the contractors for the preparation^^rm 
of the concrete blocks. In the workyards six electric portable concrete^^^toi^ 
mixers were used, each capable of turning out about 100 cubic yards o^.«^3f 
concrete a day. The mixers were of the Messent type, revolved by a motoi 
of 18 H.-P., and driven from the point where the aggregate was received 
the block moulds where the finished concrete was deposited, by a 25 IL-l 
motor. The gauge of the mixers was 1 1 feet 7 inches. 




CHAPTER VIII. 
PIERHEADS, QUAYS, AND LANDING-STAGES. 

^■•SiliorUncB of Pierlirads— Forms ridoutwi— Main Fenturos— LighthnUBas and Hirbuur 
Lighti — GxarnpUs of PierliuodB at Tuuluu, SuudPrlsTid, uud Fillau -Quays— Land idr 
Sli|iw»ya — SlaJrwaya and Laddara— Spending Beaches— Kiitrauee liooniB— Landing- 
staKaa; Fixed and Floating— Pont»ou a— Condi tiuDs of Stability — Centre of Buoyancy 
and Metacentra — Case of Sflmi-immersed Pontoon— General Case — Cose of llio BallMted 
Pontoon — Internal Stresses iu Pontoons— Lirerpool Landiug-stitRe. 

Importance of the Pierheail.^Whatever thu relative oiposure of other 
breakwftler, there can be little doubt that its tei'minattoii 
*■ — thLi pierhead as it is called — is subjected lo experiences considerably n 
bying thiui any wliich fall to tlielotof ranritiniestructiireHiu general. To begin 
^itb, it 13 (lutavourably aituuted ; and, in the second place, it ia atill more 
ifavourably adapted to its position. Exposed on three sides out of four, it 
i» called upon to withstand and repel the most powerful aubvcniive agencies 
Urilliuut that uninterrupted lateral support which constitutes so important 
mad valuable a maiuBtay of the breakwater proper. The absence of this support 
senders it a matter of the utmuaC moment to make a pierhead thoroughly self- 
sustained and independent — to treat it, iu fact, as a perfectly detached and 
isolated structure, capable of resisting, unaided, all eiternal influences ; for 
iu its downfall is involved the destruction of more than is contained within 
its own limits. The pierhead removed, the section of the breakwater immedi- 
ately adjoining it has its security materially impaired, and becomes practically 
defenceless. It enters into that precarious condition which is inseparable from 
fi "scar-end," and the area of damage maybe almost indefinitely extended. 
'The pierhead; therefore, should be looked upon as the keystone of a 
Veakwater's stability. 

In itself, the pierhead may possibly not exhibit to the eye any specially 
marked features of height or width — many minor structures do not; but 
whether these features be in evidence or otherwise, the ueceaaity for greatly 
increased strength and powers of resistance cannot be gainsaid. As a matter of 
foct, most molesand breakwaters of any importance are e<piipped with prominent 
pierheads of striking outline and substantial construction. There are several 
reasons why this should bo the case. Not only do pierheads, as a rule, project 
into deep water, demanding a broad and extended base to ensure correspond- 
stttbility, but they have also special funotions to discharge, which require 
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Where the light ia of minor im.-— 
portoDce and lacks the rotative mecW.- 
aniHoi which denundB a protective 
lanteni, a mast (fig- 160) maj >>« 
uBed for the purpose of elevating xt 
to tho required focal plane. A Bb^-«1 
column, tapering in form and fib'^ied 
into a etroiig cast-iron base, will gCE&^r- 
allj be used in euch cases. The t>>^ise 
must be securely bolted into the )>x^t- 
liead structure. At the head of 'fclse 
-c will be a curved brackefc, or 
yard arm, t<i support the lamp, wbicb 
may be raised or lowered by ft chaizi or 
wire rope, leading toawiach at thefoot. 

Apart from any guiding aigxiali 
for the night-time, such as the above, 
or for the daytime, such as sem'^ 
phoree or other indicators, the pier- 
head needs to be equipped for gener^ 
purposes with a capstan or two, wi^l> 
snatch - blocks, mushrooms, or fai.'- 
leads, and also with mooring - pos*^ 
at frequent intervals. Steps leadiOK 
down to tho water level should al^ 
be provided in a sheltered spot. Tfc»e 
provision of life-belts and life-lines i^ . 
almost too obvious a duty to call C*" 
mention. 

Pierhead at Toulon.— The pi-^»- 

head of the St Mandrier Jetty ** 

Toulon has a diameter of 92 f^^^ 

parable with the 42 feet wi***'' 
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Flo. 160.— Port Light and Mast. 
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oF the mole or jetty itself. Its bftse consists of three courses of iu8,son7l 
blocks, set in the form of a circle, and inclosing a space which is filled ' 
^ith maas concrete. The base rests upon n rubble-work deposit brought 
uf> from the sea bottom to within 14 feet of the eurfnce of the uater, and 
levelled with great care by the aid ot divers. The superstnicture is of 
rsikajsonry, and consists of a lighthouse with a cellar oompartment used as a 
oiist-em, absolutely water-tight, so carefully was the concrete work carried out. 
The pierhead docs not actually join up to the jetty ; that is to say, there is 
ra<i» i nterlocking bond. A narrow vertical joiut sepanites the two structures so ^h 
i*.^ to remove all possibilities of fracture arising from unequal settlement. ^H 

Pierhead at Sunderland.— The pierhead of the Roker pier was formed ^H 
V»y mejins of an iron-plated caisson lOOJ feet long, 69 feet wide, and 26J feet ' 
lieep. The caisson, containing 3500 tons of concrete, was floated out into 
V^isition with a dniught of 22 feet on to a carefully levelled foundation bed 
of concrete bags finished at 23 feet below low water. After being sunk, the 
<:%t&Bon was bnilt up with IG-too and 25-ton blocks, mass concrete, and 
wra en t-g routed rubble, until, when completed, its weight amounteii to 10,000 
Ions, On top of this, the pierhead superstructure was constructed in block- _ , 
"ork and surmounted by a lighthouse. ^^J 

Pierhead at Pillau.'— The new moles at Pillau were built, during the ^H 
closing quarter of the nineteenth century, to a type which is conimon on the I 

Baltic seaboard, viz., that ot a mbblo mound confined between two lines of 
sheet piling connected by iron ties and having it brickwork superstructure. 
The width at mean water level between the sheet piling is 31 feet, the summit 
width 2(i feet, and the height above mean water 10 feet ^_ 

lioth mole ends have occasionally to withstand very violent attacks by ^^| 
the sea. The pierhead structures, therefore, were given enlarged dimensions, 1 
the width being increased to 46 feet. In plan the termination of the north mole 
rxhtbiu a return in a straight hue ; at the southern mole, the pierhead front 
forms three sides of a regular hexagon. The superstructures are set back 
from the ends of piled work by 18 feet in the case of the north mole, and 
30 feet in the case of the south mole. The area of the recessed portion in 
each case was psived over with brick to a thickness ot 3 feet, forming a sort of 
terrace or [ilatform. The depth of water at the pierheads was 30 feet when 
building operations were commenced. As the ]>iles were driven down to a 
depth of 50 feet below water level, no special rubble apron was deemed 
necessary. 

The south molebead was only just completed in the year 1885, when, i 
the month oF September, it had to withstand the onslaught of a severe gale, I 
which blew for two days from the south-west and north-west, gradually 1 
increasing in intensity. The whole front portion of the head, the terrace I 
work, and a large ptortion of the sheet piling, were destroyed. Moreover, the | 
rubble filling inelosed by the lastnamed, in default of restraint, fell away, 
depriving the superstructure of its support to such an extent that it leaned ] 

' AixleriHiii un Prussian lireakwatera, Froc. Int. Nav. Cotuj. Milan, 1DD6 
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forward 4 inches out of the vertical, and a deep fiasare was formed at its 
junction with the mole proper. 

The cause of this collapse, which has proved most disastrous in its con- 
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Fio. 161.— Plan of South Pierhead at Pillau. 

sequences, is to be found in the great distance separating the superstructural 
from the substructural ends ; in other words, it was due to the terraoe. This 
was alternately attacked from below by the pressure of the water penetrating 
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krough the openings between the pilea, and through the interetices id the 



■ubble work, jind from ili 



L" 




u iiwiii-d stroke of the waves. The 

xteiit did not add to its stability. 
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There miiat also be taken into ooosidention the bet that the eontinai^ of 
the pavement had been broken bj trenches cat to reoeire the kncbonge ban 
of the head. Moreover, there had probablj been some settlonent in the nibble 
work which it covered. All these causes combined to render it aa easy prej 
to the storm, which swept awaj^ the floor and battered down the piling) witii 
the aid of the looee massea of stone comprisiDg the hearting. 

With the froat porticm of the pierhead reduced to a mere mass of debris 

South Pierhead at Pillau. 

Condition of Outlying Blocks in September 1696. 

Sca/e: jffjf 




Flo. Jfl3.— Pillau Pierhead— ProteatioD Blockt. 

sloping downwards to the sea bottom, it became necessary to devise measures 
for the protection of the superstructure. Any renewal of ^e destroyed 
portion was out of the question, owing to the impossibility of driving piles 
through the rubble mound. The plan decided upon was to mould and con- 
solidate the mounds into a protective apron. 

The first step taken was to deposit a quantity of massive granite blocks 
on the site of the terrace. The level at this point was 3 feet above mean 
low water, and it was annually increased. Up to the year 1891, over 
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140,000 cubic feet of atone, bulking from H to 35 cubic feet a-piece, were 
^deposited and formed into a beriae 10 feet iii width, with ei slope of 2 to 1. 
In order to secure this stone-work in posiliou, large blocka, oontnining 
175 cubic feet each, were placed on top. The blocks were made of granite 
frftgineDta and cement mortar in the proportion of 1 to 3 ; the; had a length 
of 6 feet 6 inches, a width of 5 feet, and a height of 5 feet 6 inoheB, and the; 
weighed 13} tons. 

Work proceeded on theae lines from 1892 to 1894. A storm in 
NoTQinber 1894, however, once more wrecked the pierhead, destroying the 

impleted bcrme and its covering. All burrs and blocks lying in lexs 
than 7 feet 6 inches of water were dislodged, and some of them swept up 
the slope. 

Subae<{uent measures for the protection of the pierhead have been directed 
to the consolidation and maintenance of the mound, hut on somewhat 
different iinea, experience having indicated that the largest blocks formed the 
best covering material. Thus, in addition to a large number of the smaller 
blocks which served to 811 up gaps and to provide a flat surface, in 1696 
eleven blocks of 635 cubic feet, and in 1896 ten blocks of from 530 to 

i cubic feet, were bedded on the rubble work in concrete composed of 
granite and cement mortar. 

Yet these measures were attended by no bettor success than that of their 
predecessors. The very largest blocks, weighing 120 tons, were sooner or 
later dislodged by storms anil driven down the slope. They were continually 
restored, until finally, in November 1899, a gale wrought such serious havoc 
that even the lower portion of the pierhead foundation woa exposed and 
partially withdrawn. As a consequence, the whole weight of the super- 
structure came to rest upon the piliug and staging which had been erected 
for pile-driving machines and rail-tracks during the construction of the mole, 
id which had been left buried in the mound. 

The only plan now was to fill up t!ie cavities, and this was done by means 
of stones and sacks of concrete packed within a, circumscribing ring of blocks 
of 360 cubic feet, each set in a double row. But, before this work could be 
mpleted, fresh disasters occurred. The blocks were disturbed, and some of 
the nibble carried away, in November 1900. No satisfactory repairs could 
be efTected during the winter season, and in the following April a violent 
eaterly gale ouce more devastated the whole pierhead. The staging-piles 
broke ; the crack which had formed at the junction of the mole and pierhead 
at the time of the initial destruction of the terrace, widened ont on the 
hnrbour side to a width of 4 feet 3 inches, imd the pierhead, a huge mass of 
23,660 cubic feet, and having a weight of 1680 tons, was slewed on its axis 
through 12 feet towards the sea, and left with its outer edge depressed to the 
extent of 4 feet 4 inches. In this condition it rested upon a few projecting 
peaks of the mound. 

During these experiences, it was observed that a concrete block of 1553 
cubic feet, which had been set on the deep-water side of the head, had not 
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suffered more than a very slight displacement. It was therefore decided to 
surround the pierhead with a ring of nine concrete blocks of extremely hrge 
size. These were formed on the buoyant caisson principle. Wooden boxes 
of grooved and caulked planking, 7 inches thick, were formed, at a timber-jaid 
1^ miles distant, to a trapezoidal shape with widths of 23 feet and 15 feet, a 
length of 23 feet, and a height of 13 feet, so as to inclose a volame of 5660 
cubic feet. Stiffened by transverse and longitudinal ties, and filled to a depth^cf 
of 3 feet with granite rubble concrete, they were floated to the site of thi 
head and there sunk close alongside one another, in about 11 feet of water, 
level base having been prepared for them by blasting away the 
of the mound, and filling the hollows with stones, debris, and sacks of oonereteL. 
The boxes were then filled up with concrete in a couple of days, in tiiis wa, 
attaining a weight of 400 tons. Of the projected nine boxes, six were delivi 
in the year 1901, and, in addition, four blocks of 370 cubic feet were set. Th 
filling of the inclosed space was then put in hand. 

But in September of the same year a storm produced a fresh cross fiaet 
in the pierhead, and a further sinking of its front face by 8 inches. The eon 
Crete boxes were slewed about 18 inches, but without damage. In thi 
succeeding December a further and more pronounced depression of the h( 
took place, the settlement amounting in all to 6 feet 6 inches. 

By this time, however, the superstructure had found a firmer bearing 01 
the foundation stonework. Such small cavities as remained were closed wi 
concrete. During the following year three more concrete boxes were deposi 
and the space between the boxes and the head densely packed with larg» 
stones. Owing to these improvements, the pierhead sufiered but little 
the gales of December 1902 and February 1903, which almost destroyed th» 
north breakwater. The boxes, indeed, were considerably shifted, but they di 
not suffer much damage. Tlie pierhead was again built up to the height 
the original summit, and the breaches which had been made between the box 
were closed in 1903 by four additional boxes, and the remaining gaps wer 
made good in 1904. 

At this point the interesting but calamitous narrative ceases. It would 
too sanguine a view to conclude that perfect stability had at last been 
But, as a record of disasters and of remedial expedients, it is most instruotiv 
and the lesson it enforces is complete. 

Quays. 

The inner sides of breakwaters and the shore frontages of harbours 
commonly bordered with quays for the reception of merchandise an< 
passengers. 

A quay is, properly speaking, a paved space or area devoted to th 
puri)08e8 of loading and unloading craft, and it is usually bounded at th^ 
water's edge by a wall or wharf founded at a sufficient depth to permit ^f 
vessels lying alongside. Vessels do not always remain afloat ; in many oasetf 
'ecession of the tide, they take the ground. A quay aud a 9,^iay wall 
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Fio. 168.— Qua; with Sloping RsTetnieiit. 



Qoftj walls are called upon to discharge very important dutioB. Tlisy Ht 
; walls to uphold the solid material which forms the foundation 
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epuD which the quay surface is prepared and laid. They also serve to present 
ii uniform frontage against which vessels may be moored and warped without 
damage. As retaining waits, they possess characteristio fentnres and discharge 
B|iecial functione which call for very detailed treatment ; and as the author has 
Bubjected them to a careful investigation elsewhere,' it would be unwise to 
attempt any further, and necessarily restricted, allusion to them here. 

Landingf Slipways. — lu situations where the water does not maintain 
a fairly uniform level, it becomes necessary to provide sloping ways, or Blip- 
Ways, leading from the surface of the quay down to the lowest water level. 
These slipways are even desirable under any ci re ura stances, aud especially for 
the purjioae of affording access to small craft of shallow draught and rowing- 
boats, and to facilitate the withdrawal of the latter from the water. Slipways 
rauge from about 5 to 15 or 20 feet in width, with an inclination not greater 
than 1 in 5. They should have a covering of concrete or be paved with large 
beavy stones, having a flat upper surface and presenting us few joinU as 
possible to the pick-like action of the waves. Such joints as there are will be 
well flushed and pointed with cement, for it can be readily understood that 
slipways are subjected in a 
peculiar manner to the must 
destructive action of breaking 
waves, which renders it tm 
perative to present thereto as 
bard, smooth, aud unbroken a 
surface as possible. Where 
■lipways are paved with cubes, 
or setts, these latter must be 
thoroughly grouted and beddeil 
in a perfect manner upon a sub 
stautial concrete foundation 

Slipways ace provided with 
A bottom landing, and some- 
times with one or two inter- 
mediate landings — all level 
plutfortns. 

Stairways and Lad- 
ders. — Access to the water- 
line may also be obtained by 
atairwaya and ladders. The 
former are simply steps set 
in the wall in the ordinary 
mauner, and not uucommonly 
at comers, where they are least likely to interfere with the use of the quay 
by shipping. The latter generally consist of galvanised wrought iron vertical 
indeB and circular rungs, recessed within the face line of the quay so as to 




SToid forming aiij^thing of the nature of a. projoction likely to produce 
damage. 

Other adjunct* of a quay are life-chaiDS, mOOPing-llngS, and mOOF- 

ing'-pOStS. The firatnamed are suBpeuded at intervals and festooned, so ai 
to enable pergons aeoidentally immeraed to support themselves until succoured, 
Tlie last two are for the purpose of holding vessels close against a quay 
Mooring- rings, useful chiefly for very small craft, are now fairly obsolete, 
ae they are awkward of access and difficult to maiutain in order. The 
moat conveniently arranged of tliem are recessed within the quay face, so 
as to acquire a certain amount of cover. The best type of mooriugpoat 
has a lip arranged on the aide furthest removed from the quay edge, so as 
to hold the rope well and keep it from slippiug upwards. 

A good sloping boach is very desirable in the immediate proximity of a 
harbour. If situated at the entrance, it forms a very useful ape n ding-ground 
whereon waves may dissipate a very large proportion of their activity. A 
beach is also desirable in that small craft may ground thereon for repairs. 
When formed artificially, as is sometimes necessary in rooky localities where 
the shore descends abruptly, quarry refuse and d<^'bri8 may be used for the 
purpose. A alopic of 1 in 10 or 12 will be found moat serviceable. 

Booms.— Inner basins, or harbours of the smaller class, may be still 
further protected from the effects of sea swell by means uf a temporary 
closure or boom across the entrance, which would naturally, in such a case, \iv 
narrow. Booms take the form of a log partition, set in horizontal layers one 
above another, with their ends engaging in grooves specially constructed at 
each aide of the entrance. It is necessary to observe that unless the logs 
extend to the very base or bottom of the passage-way, wave motion will be 
transmitted beneath them, and they will prove ineffetvtive for the purpose 
in view. 

Mooring'-Buoys and Stages.— In addition to the facilities afforded by 
posts, rings, and bollards on the quays for securing vessels, in large basias and 
in rivers floating and fixed moorings are also provided. The former consist 
of buoys of various shapes anchored to the bottom of the basin or the bed of 
the river, and the latter of piled stages suitably braced. Tliese last are some- 
times known on the Continent as " Dues d'Albe." 

Landing'-stag-es. 

In all his operations the maritime engineer is more or lesa in touch with 
the requirements of the naval architect, and the boundary line between the 
two professions is by no means easy to define ; indeed there is oftentimes a 
zone within which both practitioners liud a common field of action, and where 
it would be difficult, if not absolutely impossible, to lay down any limitations 
for one or the other. Thus, in the case of entrance caissons, floating docks, 
and buoyant structures generally, there are presented to the engineer all the 
processes and features characteristic of ship design and catcniation, and bo, 
too, in connection with the subject of the present chapter, the laws govei 
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behaviour of floating bodies have to be carefutly studied and clearly 
cmtuod. 

liandlngf-stag'es, whether adapted for the use of pastteugers, vehicles, 
ds, or cattle, fall naturally into two main types— fixed and floating, 
Fixed Landing-stagres. — Benides aorving no apparent purpose, it would 
■*o ciifficuU to make an esact differentiation between the functions of a fixed 
^ata^ing. stage and thoae of a wharf, pier, or quay. tJonerally speaking, the 
***"**> stage is limited to framed structures of timber or iron, and fixed 
'ft'Tidiug-stageu are moat commonly platforms of woodwork on a piled founda- 
tion. But even with this limitation, they possess no features which are not 
•^tnmon to jetties and wharfs of simihir construction (ntrfe fig. 167). To 
pursue this branch of the subject further would be redundant, and therefore 
Unnecessary. 

Floating* Landing-Stagfes are decks or rafts of timber or iron work, 
either self-supporting or carried upon hollow pontoons which aSord the 
necessary bearing power by reason of the buoyant properties of water. The 
)ioutoon is the more usual arrangement, and it is certainly the only system 
applicable to stages of eite and importance. 

Pontoons. 

■ The stability of any statical structure depends, in the first instance, upon 
the equilibrium of the external forces which act upon it. In the case of a 
floating body, these external forces are essentially and practically two, and 
two only, viz., (1) gravity, due to the intrinsic weight of the body, acting 
vertically downwards, and (2) buoyancy, or the vertical component of hydro- 
Btatic pressure, acting vertically upwards. It is true that, in addition, there 
are the horizontal components of hydrostatic pressure, but, as in still water, 
'hatever the shape and size of the body, these components must always and 
exactly neutralise one another, there is no necessity to bring them into 
consideration. 

have therefore only to take into accouut two resultant forces, opposed 
to one another. In ordinary statics, equilibrium would be sufiicienlly assured 
by the fulfilment of the conditions, that (1) the lines of action must coincide, 
snd (2) the forces must be equal in magnitude and opposite in direction. As 
regards floating bodies, these requirements are satisfied when the vertical line 
through the centre of gravity passes through the centre of buoyancy (or 
centre of gravity of the displaced fluid), and when the weight of the body is 
just equal tu that of tlie fluid displaced. 

But the extreme mobility of water and the absence in a floating body of 
any perceptible inherent resistance to disturbance, involve another phase of 
equilibrium in its practical and working sense. It id obvious that there must 
be not only perfect balance at any instant, but also a disposition on the part 
of the body to right itself, or to recover ita initial position, in the event of a 
slight or moderate displacement. Both these points have to be taken into 
eonsideratiuu in the design of floating vessels. 
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The calculations necessary for the purpose are much simpler in regard to 
pontoons than they are in regard to ships and other navigable crafty since the 
former are generally constructed to some regular geometrical figure which 
permits of the easy determination of its centre of gravity and also of the 
centre of buoyancy. The calculation of the weight of an ordinary ship 
and the point at which it may be assumed to be concentrated^ as also 
of the displacement and its geometrical centre, are matters of g^reat com- 
plexity and difficulty, calling for the exercise of no little patience, ingenuity, 
and skill. 

Pontoons, on the other hand, are geuerally, if not universally, either 
rectangular, cylindrical, or spherical in form, with centres of gravity and 
displacement readily determinable by simple geometrical construction. 

Thus, in fig. 175 a rectangular pontoon is shown partly immersed 
in water. The disposition of the principal resultant forces is that shown 
by the arrows, and the primary condition of equilibrium is manifestly 
fulfilled. 

Now, suppose such a body to have acquired a slight displacement, 

I 
\ 
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Fio. 175. 




Fio. 176. 



with the result that it has taken up the position shown in fig 176. The 
centre of gravity (G) remains unchanged, but the centre of buoyancy (B) 
has been removed to a point which does not lie vertically below the centre 
of gravity. Obviously there now exists a couple, the moment of which. 
War, is the weight of the body (W) into the horizontal distance {x) between 
the two centres. Tlie moment is a righting moment, and tends to bring the 
}X)ntoon back to its original position. 

Suppose, however, the pontoon to float on its narrower side or end as 
shown in tig. 177. In the upright condition the primary condition of 
equilibrium obtains as before. But when a slight displacement takes place 
(fig. 178), the moment (Wx) called into existence is an overturning one 
instead of a righting one, and the pontoon has every tendency to capsize. We 
see, then, that a diff'erent state of things has been produced, and it becomes 
necessary, therefore^ to investigate the relative positions of the centres of 
gravity and buoyancy a little more closely. 

In each of the figures, let the vertical line drawn through the centre of 
gravity when the pontoon is in its initial position, and also that through the 
centre of buoyancy in the displaced condit"'- '^^ continued until they inter- 
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ct at a i>oint which we will designate M. The technical name for this 
nt of iutenectiDQ is tht^ metftCODtre.' 
It wiU be noticed that there is a -very striking difference in the position 
of the metaceotro in the two tiguree. In one case it liea above the centre of 
gra-vity of the pontoon ; in the other case, it lies below it. 'I'he former 
^iTaiigenieat produces a rightiog moment; the latter, an overtuming 
naoQient. 

The metacentre of a floating body has a variable position dependent npon 
K'^y the shape of the body and (b) its centre of gravity, and also (r) upon the 
cei:stre of buoyancy ; but, from what has been pointed out, it follows, as a 
general rule, thata pontoou is stable or unstable according as the metacentre 
lies above or below the centre of gravity. 

It would not be strictly correct to say that overturning would absolutely 
9tiaue in the latter event, as through the variation in the centre of buoyancy 
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Fio. 177. 






Fm. 178. 



1 which the conditions of e 



an intermediate position n 
briuiD are satisfied. 

It will be well, therefore, to go through the process of determining the 
complete range of position of the metacentre, and to construct a diagram 
Bhowing all the changes in position of the centre of buoyancy corresponding 

various degrees of inclination. 

(I.) Case 0/ the unballaeted pontoon immersed to half its depth. — Let us take 
the case of a symmetrical pontoon of rectangular cross section floating so as 
to have a moiety of its volume immersed. Fig. 179 represents aucb a case : 
GHNP is the pontoon, and RT the water surface level in the initial position, 
while FH, HP, and VX are other water-lines corresponding to changes of 
inclioatioD in the pontoou. 

' Boagiier, who introduued tLs ttirm u <:«iitury and a hulf ago, eiiiplaysd it to desiguate 

K point in ■ ahiji'a vertical ilia above wbich the centre of gravity uf tliB vessel might not bo 

raised without prnduciiig an lacliDstioD in the axis. The metacentre uiuit not be confused 

t with any of a series or iioinls an a curve distinguished \>y Bouguer as the metniKntric. The 

f inetacentrio maj be defjoed as the laciu of the interwcHons of BUccestuve verticals through 

I ■^uwnt coutrea of baojancj as a ship undergoes a eeriea of slight ' — '■ — " — '- 

L_.,. . __^ ... ., , _ ,,_ _ --■lel.x,, 



I othar words, i 



B the evolute of the curve of buoyancy, 
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In the initiftl poHtaoo, tiie e«ilre of buojBii^ isftt B| in the vertiaJ line 
QK paiwBiig thiDngh O. 

Xow, soppose the pontoon be acted apon eo as to take op an inelination 
in which the water line is FOS. The immeraed section becomes FHNS» and 
the centre of baojancy which corre sp onds to this position lies somewhere to 
the right of B|. We hare to determine its position. 

On examination, we see that of the imnmsed area, a triangular wedge 
RFO, representing upward pteaeare both in amount and intensity, has been 
transferred to the other side of the axis KQ, Tis^ to TSO. Accordingly, by 
a principle of mechanics, the centre of grayity a( the rectangle RHNT has 
been moTed along a line parallel to the line joining the centres of gravity of 
the equal triangles RFO and TSO, a distance measured by that between the 
centres of grsTity of the triangles, multiplied by the ratio of the area of <me 
triangle to the area of the original rectangle. To put this in symbols, let g^ 




Fio. 179. 



be the centre of gravity of the triangle RFO, and g^ the centre of gravity of 
the triangle STO. Then, if B^ be the position of the new centre of buoyancy, 
we must have 



(1) the line B^B2 parallel to g^g^ ; 

(2) the distance BjBj equal to g^g2 x 



area RFO 
area RHNT 



Since the alteration in the position of B corresponds to the direction of 
9i92f ^"^ therefore is partly an upward movement, we may conveniently find 
the locus by co-ordinates, with the initial position of B as origin. A line 
through B|, parallel to RT or HN, will be the axis of x ; the line KQ, the 
axis of y. 

Draw y^h^ and gji2 perpendicular to RT. 

The abscissa of B^ is proportionate to h^h^ ; its ordinate to gih^+gjiy 

Gall OR, the semi-width of the pontoon,--; RH, the original depth of 
immersion, D ; and BF, the extent of emergence, A. 



Theti, by the onlinary principles and operations of trigonometry and 
mech&DicB, we have 



h^h^ = 2h^0 = -^L ■ 



Similarly, 



id the ratio 

areaRFO ^FR.RO FR A 
areaRHNT 9R0.RH 4KH W 

Whenco we obtain as values for the co-ordinatea, 



3 4D 6D 
The equation of the loouH accordingly is 



It is at once apparent that, L and D being fised quantities, y varies directly 
fts 2^ ; that is, the louus of B is the curve of a parabola whose longitudinal 
aiis is QB,, and vertex, B,. 

These equations for x and y hold good up to the point where A becomes 

equal to D. Giving A the value -j- , we obtain 



and, giving it the value D, 



■.y--. 



This brings us to the diagonal HOP, at which inclination the side GP 
commences to be inimeraed and the aide GH is entirely out of water. It 
will simplify matters now if wo regard the pontoon as undergoing disturbance 
from an initial positioo in which the vertical axis is RT, and the surface level 
KQ, for that is the position towards which the pontoon is tending in the 
continuation of its revolution. 

The calculations for the locus of B in reference to the new axis still equally 
give a parabolic curve, having ita vertex at Z, where OZ = — ■ 

Accordingly, the locus of B resolves itself into a curve consisting of four 
parabolic area touching at the diagonals, HP and GN, of the paraUelogram. 
A moiety of the curve is traced in fig. 179. 

Kqw, to find the metaceutre corresponding to any assigned centre of 
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buoyancy. Hi, only necem^rj to dntw, peipendicnl., to the wter satb^ 

a hne from the giTen point B, on the boo,*ncy earre antO it intenecta the 
axis iJA.. 

Its position may be located algebraicaUy, thus :— 

= M,C + y. 

Now, the triangles CB^M, and RFO are similar, their sides being respec 
tively at nght angles to one another. 



Therefore 



M.C=OK.CB. 



L 



and B,M, = ^x + y 



But -=|^-d, = ^*. 

whence substituting 



6Dr~'"y=6D' 



B,M, = _^ + A*. 
^ * 12D 6D 

So when A is zero in the initial position, BiM, = iiL • and when A = RH 

^ 2 12D 6 

The range of position of the metacentre is accordingly within a length — 

6 

upon the axis QK, and, similarly, within a length ii upon the axis RT. 

A much simpler method, however, may be devised for obtaining the 
position of the metacentre by geometrical construction. 
It will be observed that the equation of the parabola, 

L 3D 
is satisfied by the values x = --, y = — ; that is to say, the curve passes 

through the points G and P, which are the uppermost comers of the pontoon. 
Knowing also the vertex, B^, of the curve, it is a very easy matter to con- 
struct, by any of the recognised methods, the parabolic arc GBjP,* the portion 
of which, aj3 lying between the semi-diagonals HO and ON, constitutes a part 
of the buoyancy curve (fig. 180). 

Now, for any assigned water-line FS, take the chord /« on this line which 

* Fide oonstniotios, fig. 187, p. 213. 



out off within the parabola, and bisect it at the point C. Draw CBj parallel 
I tha ftxis QK, interaectitig the curve at the point H^ Then B^ is the centre 
IbBPiywicy for the water-line FS. From Bj draw B^Mj at right angles to 
$«p M to cut the axiB QK in Mj. M, is the metacentre under the same 
ndttioiis. 

The proof of the foregoing conetruotion lies in the faots that the tan- 

;eat at tbe extremity of a diameter of a parabola is parallel to the chords 

'liich are bisected bj that diameter, and that the tangent to the curve 

of buoyancy at any point is parallel to the line of Qotation corresponding 

to that point as centre of buoyancy. 

have only dealt with centres of buoyancy lying within the 
section UON ; that is for water-lines ranging between GN and HP. 

■ater-lines lietween HP and NG, it is necessary to construct the 
p&rabola GZH. This being done (fig. 180), the curve of buoyancy is defined 
ftom /3 to y, and the corresponding positions of the metaccntre may be 



!^ ^- 



determined as already explained. They will lie, however, not on the axis QK, 
but on the aiis BT, parallel to which the lines, from the water surface to the 

ve, musi be drawn. 

It is interesting to consider the water-line HP. There are two panibolio 
chords appertaining to the position, viz., Hy and aP. The middle point of 
the former is o, and of the latter y. Both the line ajS, drawn parallel to the 
axis RT of the parabola GZH, and the line yff, drawn parallel to the axis QK 
of the parabola GBjP, meet at the point /3, which ii the limiting position of 
the centre of buoyancy for both parabolas. The line (8Mj, perpendicular 
to HP, gives extreme positions for the metacentre on the respective axes: 
the upper limit M, ou QK, and the lower limit U^ on RT. In fig. 180, 
owing to the particular ratio of L to D, the point Mg coincides with the 
point Q. 

The curve of buoyancy for the remaining moiety of the pontoon is simply 

Bphca, upon the other side of the diagonal HP, of the curve a/ly. 

The parabolas GB,P and GZH have three point contact ; that is, the curves 
□ut only touch one another, but cross when continued. 
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(II.) Case of the unballasted pf/ntoon immersed to anyfraeHom qfiU deplk, 
— The foregoing is a special case in which the pontoon floats with exAcUj one- 
half of its bulk immersed. 

From the principles enunciated, and by means of the meUiods whieh have 
been described, it is not difficult to determine the locus and draw the eunre 
of buoyancy for the general case in which the pontoon floats with any pro- 
portion of its volume under water. 

Let fig. 181 represent the conditions in question, the surface level of tlka^ 
water, RT, not being coincident with JX, the horizontal axis of symmetry ^:j 
the pontoon. 

In the initial position, the centre of buoyancy lies at the point B on 

RH D 
axis QK, which is such that BK = — - = — . Taking B as origin an<«^ | 

A 22 




horizontal line through B as axis of ar, we have (as explained in the preceding 
investigation) for all values of A between zero and D, 



AL , A2 



giving, as the e(iuation of the curve, 



x^ = 



L2 
6D 



y- 



The parabola thus detined passes through the points Z and Y, where 
RZ = TY = D, and constitutes the locus of the centre of buoyancy within the 
limits a and fi situated on the diagonals of the parallelogram ZHNV. 

So long as the corner, H, of the pontoon remains under water, the 
immersed section is a quadrilateral. When the point H lies on the surface, 
the water-line passes through the point Y and the immersed area becomes 
triangular, remaining in that form until in course of continued revolution 
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the w&ter-line passes through P, from which point onward it resunaoH the 
quadran^ar shape. 

The second phase of the 
problem, therefore, ia to deal 
with values of A between G 
«ndC-D(fig. 182), where C 
is the full depth of the pon- 
toon and D the depth of im- 
meraicai in the initial position. 
First, we must determine 
the length of base-line on HN 
voiresponding to any assigned 

wJueof A.say TS. 

Let ( (&g. 182) be the 

length of the base required. 

Then, eince the area of the 

triangle of immersion must 

equal the area of the rectangle 

EHNT, we have 

-|.(D-fi) = LD; 

A-t-D' 
or, we can fiod b geometrically thus: — In 6g. 182 
produce NH to U, so that UH = HN. Join SU. 
Through T draw TV parallel to SU. cutting NH in 
V. Join 8V. Then SV is the desired water-line, 
and VN = 6. 

The proof of the construction ia simple. The 
triangles SVU and STU are equal, being ou the 
same base and between the same parallels. Deduct 
the common portion 8YU, and add to each, in place 
of it, the trapeaiura VYTN. Tlien the triangle SVN 
is equal to the triangle UTN, which is also equal 
to the rectangle RHNT, being ou double the base, 
between the same parallels. 

Reverting to the algebraical value oS h ( = -^ — = J, 

and taking x and y as the co-otxiiuates of the centre 
of gravity of the triangle SNV, referred to the si 
axea as before intersecting at B, then 



1 / 2LD \ 
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, A+D D 2A-D 

and y = — - — - — - = — , 

whence we can obtain the equation for the locus, viz : — 

36«y + 18Dar - 18Ly - LD = 0, 

which indicates a hyperbola. 

Transfer the origin to a^, y^. Then 

36(a; + x^{y + y^) + 18D(a; + x^)- 18L(y + y^) - LD = 0. 

If the coefficients of x and y in this expression be made equal to zero, the 
values of x^y^^ corresponding thereto, will give the centre of the curve. Thus 

36yi + 18D = 0, 

and 36ari-18L = 0. 

Therefore //i = - -y* 

and "^^i = y • 

Accordingly, the point N is the centre. 

Referring the equation to N as origin, with NH and NP as axes, it becomes 

2 
whence xy + -^-LD = • 

•7 

Therefore NH and NP are the asymptotes of the rectangular hyperbola 
constituting the curve. Further, since 

xy= - -^LD, 

we see that the locus lies on the conjugate hyperbola. 

If the transverse axis of a rectangular hyperbola be 2a, then 

^xy = - 2a2 

is the equation of the conjugate hyperbola. 
This may be written 

^ 2 
Comparing it with the preceding value of xy^ we see that 



that is. 



4' = |-LD; 
2 9 

«=|->/ld- 



Turning again to the general equation, 

Z^xy + 18Da; - 18Ly - LD = 0, 

it will be observed that the curve passes through the point -^ , — 

6 6 
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Farther, taking the equation of the parabola in the first phase, viz., 

where the two curves intersect, we get 

36. 5?«*+18Da;-18L5Sr2-LD = 0, 

or (6aj - L)8 = 0. 

Therefore the parabola and hyperbola have three point contact at ~ , •— • 

The curve may now be traced from the foregoing data.^ This being done 
(fig. 183), it remains to find the centre of buoyancy corresponding to any 
possible water-line within the limits already specified. Take VS as such a 
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line and, as in the case of the parabola, bisect that portion of it, fs, which 
forms a chord of the hyperbola. Join this middle point C to N the centre 
of the curve. Where the line CN intersects the curve is the centre of 
buoyancy for the position, and a line drawn therefrom at right angles to 
the water-line will cut the original vertical axis in the metacentre. Thus B 
and M are the centre of buoyancy and the metacentre respectively, for the 
water-line VS. 

The last phase of the problem is the same as the first. When the pontoon 
is immersed as with its axis JOX (fig. 184) vertical in the initial position, 
we have a similar set of conditions to those in which the axis QOK was 
initially vertical. 

To find the depth (D^) immersed, we have 

DiC = LD or D, = -^D, 
^ The method ie ehown in fig. 186. 
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or, geometrically, thus (fig. 184): — Through the pcnnt W, in whioh the 
diagonal NG intersects the primary water-line RT, draw the line YZ. Then 
YZ is the new water-line, and VX = D^. 

It follows, exactly as before, that the curve of buoyancy for the latest 




condition of things is a parabola^ the vertex of which is in JX at a distance 
-^ from the point X, and which passes through the points m and n in the lines 

HN and GP, where Nw = Pn = 2Di. 

We have now traced the curve of buoyancy through rather more than 
half of its path, and the remaining portion lies symmetricaUy about the same 




axes, so that it is quite easy to draw the entire curve. A moiety is shown 
in fig. 185. In the left hand quadrant the parabolic arc extends from A 
to a, to be succeeded by a hyperbolic curve from a to 5. From fr to B the 
curve is parabolic once^more. 

Hence, the complete locus of the centre of buoyancy is a curve made up 
of four parabolas and four hyperbolas. 
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When D^-ni ^^ hyperbolic portion vanisheB and we got the special case 

of a pontoon immersed to one-half its depth, the inveBtigation of which occupied 
oar attention at the outaet 

Method of traoli^ paraboUe and hyperboUe earvea.— Parabola. 




Divide the semi-base and the height into an equal number of parts, as shown 
fat Gg. 187. Draw lines parallel to the aiia through each of the points on 
the base, and join the points on the sides to the vertex. The inteneotiona 
giv* pointB on the curve. 

Hyptriola (see fig. 186). — The curve required is the reotanguhir hyper- 
bola) and tha diatance a from the centre U to the vertex B is given. Draw 
tha azia fiX InMoting the angle OHK. With centre H and radius a, 
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describe the quadrant ABC. Join AC. From C draw CE at rig^it angles 
to HK, cutting the axis in the point E, which is the focus. Through B 
draw a horizontal line of indefinite length. 

Take any number of parallel lines intersecting the axis at right angles. 
Measure along the horizontal line through D the distance from D to eaoli 
point of intersection. With these distances as radii respectively, and the 
focus as centre, mark corresponding intersections on the parallel lines, on 
both sides of the axis. These intersections are points on the curve. 

Note, — In the investigation on p. 210, the value of a was found to be 

— • ^LD. To obtain the value graphically, take a line (fig. 188) whose length 

is L + D, and divide it into two parts equal to L and D respectively. Upon 

the line describe the arc of a semi-circle, and from 
the point of section draw a vertical line to meet the 
semi-circle. This line has a length i^LD, and two- 
thirds of it will give the value a. 

(III.) Case of the haUasted pontoon, — We have so 
far only considered the pontoon as an empty box — 
independent and self-contained. We have now to 
regard it in its working aspect. It is intended to carry a load, and for 
purposes of insertion and withdrawal from position it is oftentimes ballasted 
with water. The object of admitting water to the interior of the pontoon 
is to enable it to be lowered temporarily to a deeper draughty from which 
it can be raised again by pumping out the water. 
We will deal first with the matter of ballasting. 
When the pontoon is a single box, without compartments, the introduction 
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Figs. 189, 190. 

of water diminishes its stability, as will be evident from the diagram. The 
fluid, instead of remaining equally distributed under disturbance, immediately 
flows to the deeper side and there assists the overturning moment by its 
impetus, or, at least; impedes the righting efibrt. 

The buoyancy, moreover, of the pontoon is reduced by the occupation 
of internal space. 

The drawback of shifting ballast may be to some extent mitigated by 
subdividing the pontoon into compartments. When disturbed, the distri- 
bution of the water becomes less markedly unequal, as is evident from 
figs. 189 and 190. The greater the number of compartments the more unifonu 
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ttie baUasting will become ; but, of course, there are limits of ecoitomj and 
acoeaaibility to be considered. 

Before investigating tbe case of the ballasted pontoon, it is desirable to 
reconsider the meaning to be attached to the term "centre of buoyancy" 
which we have hitherto fouud aii important and essential feature in the 
stetioa of the unbaUasted pontoon. 

After displacement through an angle, the forces tending to restore a 
ballneted pontoon to its original position, or to move it further from that 

(a) The weight of the displaced water, acting upwards through its 
centre of gravity. 

(b) The weight of the ballast water aeting downwards through its centre 
of gravity. 

(c) The weight of the pontoon acting downwards through its centre of 



gravity, which, in the case of a rectangular pontoon, is the centre of that 
figure. 

The resultant of the first two forces is a force equal in magnitude to the 
third force, but opposite in direction, and acting through a point which may 
be described as the centroid of the buoyancy area. 

This resultant and the force (e) form the righting couple, and henceforth 
the term centre of buoyancy must be understood in the sense of CSntroid 
of the buoyancy area, which it really is. To avoid misconception on 
tbe point, it will perhaps be as well to adopt the expression " centroid of 
buoyancy." 

Resuming the investigation of the stability of the pontoon, it is, in the first 
place, desirable to consider the alterations in position of the centroid of buoy- 
ancy in a pontoon which is subdivided into compartments. Let fig. 191 repre- 
Bent such an arrangement, the number of compartments in this case being five- 

Under a slight displacement, the pontoon takes the position shown with 
reference to the iiiclined lino in fig. 191. The buoyancy area has been 
changed from a rectangle into a series of parallelograms. A little inspection 
will, moreover, show that tbe portion of buoyancy area deducted from tbe 
extreme left-hand compartment has been added to the compnrtraent on the 
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extreme right, and that the adjoining compartments of eaoh have likewise 
experienced a similar transfer of area. 

The most obvious way, therefore, of determining the new position of the 
centroid of buoyancy is to sum up the products of the individual areas 
transferred, into the distances of their respective transferences, and divide 
by the whole buoyancy area. This will give us the proportionate trans- 
ference of the centroid of buoyancy of the original rectangle. 

Also, it will be well to proceed by means of the horizontal and vertical 
components, as before, which yield the co-ordinates of the locus. 

Let D (fig. 191) be the depth of buoyancy as originally immersed, and A 
the extent of emergence or submergence of either side under an angular 
displacement 0. The emergence or submergence in any compartment of N 
compartments we will call 3. If d be the original depth of water inside the 
pontoon, then D + ^ equal the depth of the pontoon. 

We have 



Also from similar triangles, 



A = ^ tan ^ . 
2 



8 = ^tan^. 

2N 



Therefore S - 4 • 

N 

The area of buoyant section transferred from the extreme left-hand to the 
extreme right-hand compartment (let to 5th) is 



\ N/N* 



and the horizontal distance between the centres of gravity of the two 

compartments is 

N-1. 



N 
The product of these two is 



L. 



which, for the purpose of forming a series for summation, may be written 

V N / N V N y 

The similar product in the case of the 2nd and 4th compartments is 

and, in the event of there being additional compartments, we could write as 
the next term, 

\ N / r 
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If N be odd, the displaceineuL for the middle compartment ib zero. 
Accordingly, we have the following series to siimm&te ;— 



which comes to 



] (N-l)^ + (N-3)' + (,\-5)^ 
AU N(N''-1) 



AL^i 



N= 



1*4)- 



Tlie area of the origiual rectaogle is LD, and, dividing the precediiig 
expressioD by it, we ohtain the following value for the horizontal component 
of tninafereuce :— 

uV NV 



Similarly, it can be tslio 
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Comparing these equations with the value 
the ordiDates in the case of the undivided a 



1 p. 205 previously given for 
unballasted pontoon, we see 



that they differ only by the factor (1-=^^!, which is a constant for any 

assigned case. Therefore, so long as the displacement is oonRned within 
limits such that the bottom of the pontoon is not exposed either inside or 
out, nor the upper comers immersed, the curve of buoyancy is parabohc as 
before. 

The metacentric height, measured above the primary oentroid of buoy- 
ancy, is 

\l2D eWV NV' 
or, measuring from the eentre of depth of the pontcon, 

When in the upright position, A = 0, and the latter expressioi 



,^;('-:;.)-[^-(-i)] 



-[^(-?)J^ 

and M the metacentric lieight (measured, as assumed ahuve, from the 




B from which it is clear that with an increase in the number of compartmeuts, 

^k the motacentric height increases, and therefore the greater the number of 

^1 the compartments the greater the stability. 
^M When N = 1, the metacentric height is 
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of depth) is proportional to the moment of the righttog couple^ the pontoon 
is in stable, neutral, or unstable equilibrium, according as 



d + P i 9 

2 < 2 



We turn now to the question of load, which only concerns the pontoon 
in its empty condition. When in position a pontoon carries kelsons, or main 
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girders, which, in turn, receive the load of deck-beams and stringers. These 
imposed loads, beyond raising the centre of gravity, do not affect the external 
conditions of equilibrium; their immediate interest is in regard to the 
conditions of internal equilibrium. 

The problem of the internal stresses to which pontoons are subjected is not 
one which need cause any difficulty in the way of solution, the same mediods 
of procedure being applicable as in dealing with ordinary beams. There is 
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Fig. 196. 



but one difference, albeit a striking one, between the two cases ; but the effect 
of this is not nearly so embarrassing as might at first sight appear. In a beam 
the upward reaction is concentrated at isolated points of support ; in a pontoon 
the reaction is distributed over the whole of the immersed area. A very 
simple expedient serves, however, to put the two cases on an equal footing. 

Take fig. 192, representing a beam uniformly loaded and supported 
beneath at any two points. Now, invert the diagram, as in fig. 193, and we 



i 



! / 

I / 
* i' 



4 



i 



i__i 






y 



\:/ 
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Fig. 197. 






Fig. 198. 



have the case of a ffoating pontoon carrying two concentrated loads. Ob- 
viously, the same diagrams of shearing stress and bending moment will 
serve in both cases, and there will be no difficulty in proceeding bj this 
method in most cases. Even when the pontoon does not float upon an even 
keel, a measure of the exact distribution of the upward force is given by the 
area of the buoyant section (fig. 194). Figs. 196-198 are consequently 
"^ bending moment diagrams. 



PIKRHKAOR. QrATS, AND LANTHITO-STAGBS. 

When K pontoon supports three or more concentmted IcMda, t\w oonditioRB 
beconte identical witb wh&t is known as the case of the ooatinuous b«am, but, 
1 this tDstance, one of the chief obatactes to a readj determination of tha 
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prublem is removed, 
external forces is known. 

Such being the conditions, it 
as it simply resolves itself into 
mechanics to structural stresses 
il provinc« of this volume. 



t)jat the exact a 



int and dispositions of all the 



. unnecessary to pursue the matter further, 
a application of the ordinary principles of 
n general, and lies, therefore, outside iho 
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Uyerpool Floatingr Laildin8r-Stag6.~The Liverpool stage, of which 
iUtistrations are given in figs. 199-201, showing the arrangement of the pon- 
toons and decking, is 247S feet long by 80 feet wide. It has eight bridges 
connecting it with the shore, and, in addition, a floating bridge 550 feet long 
by 35 feet wide, by means of which an easy incline for goods traffic is main- 
tained at all states of the tide, which, during springs, has a maximum range 
of about 30 feet. The constructive arrangement of the stage is evident from 
the figures. 



CHAPTER IX. 
ENTRANCE CHANNELS. 

Variation in Conditions — Features of a Tidal Regime— Blind ChannelB — Variable Olianneb 
— Fixed Channels — Accretion and Reclamation — Naviffable Bontes— Bars and theii 
Oriffin— Training Works for Channels - Groynes — Walls— Fascines — Wave Traps- 
Height and Extent of Training- walls — Dredging Appliances —Mechanical Eroders— 
Rook-cuttinff— Suction Dredgers — Sluicing — Instances of Channel Regulation Works at 
the mouth or the River Weser, Germany ; at Tampico Harbour, Mexico ; at Westport 
Harbour, New Zealand ; at the mouth of the Richmond River, New South Wales ; and 
at the Ports of Ostend, Belgium, and of New York, U.S.A« 

Variable Conditions of Entrance Channels.— The regulation, and, 

where necessary, the rectification of entrance channels, are matters of extreme 
moment to all ports which are situated otherwise than upon the open sea- 
board, and especially do they call for attention in connection ¥dth harbours 
located within an estuary or upon the banks of a river within tidal range. In 
the case of ports lying either upon a river flowing into a tideless sea, or upon 
a tidal river above the limits of tidal access, the agencies determining the 
form and direction of the river bed. are, comparatively speaking, fixed and 
constant. The stream follows certain well-defined laws which, if not 
thoroughly understood, are at least clearly enunciated and expressed. It is a 
matter of general knowledge that in pursuing its sinuous course to the sea, 
the current of a river, as is indicated in fig. 202, impinges alternately against 
each bank, scouring the concave side of a bend and being thence diverted to 
a similar concavity on the opposite side at the next deflection of the river- 
bed : all this being in accordance with the principles of centrifugal force and 
action. The tendency, therefore, is for the navigable channel to form and 
maintain itself along the line of current, and there are few or no conflicting 
agencies to interfere with or modify this tendency. 

Features of a Tidal R6grime.— Within the limits of tidal influence, 
however, the conditions are of a totally different character, and the dispositions 
arising therefrom become much more intricate and complex. The current 
does not always flow in a seaward direction. For a very considerable portion 
of the time it is completely reversed, and a very lai^e bulk of sea-water is 
directed inland with a velocity which is sufficient to overcome the fresh-water 
discharge, and to raise the level of the surface for a very considerable distance. 
The main body of the incoming ciurent, moreover, does not by any means 
necessarily pursue the same course as that of the downward stream ; neither 
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it eaeentially confine itself, 
iSpocioUy near the river 
LOuth, to one definite bed or 
bannel. The influences at work 
ipon littoral ciirreiite at the en- 
xances of lai^e coaBtal inlets are 
Danifold and powerftil. Gales and 
^_itorm8 arise at irregular intervals 
cCrom varying points of the compass, 
auid the pressure exerted therehy 
ia inevitably felt by the tidal flow 
'which is accelerated or retarded, 
augmented or reduced, to an ap- 
preciable extent. The action of 
the wind, moreover, produces cer- 
tain changes of direction. Hence, 
the course of the incoming tide, 
though generally established, is 
snbjeet to some mutation, and the 
volume of its flow fluctuates very 
considerably, not only in conse- 
quence of irregular meteorological 
phenomena, but also in conformity 
with the natural cycle of springs 
and neaps. 

In the tidal region, therefore, 
there are two conflicting agencies : 
first, the downward stream, with 
its relatively uniform flow and its 
tendency to establish a delinitebed, 
and secondly, the tidal current with 
exactly opposite characteristics. 
The resulting feature of the tidal 
eetuary is accordingly unstable 
channels amid shallows and sand- 
banks. Through the latter, the 
river, taking the line of least re- 
sistance as it preseots itself at the 
moment, ploughs its course to the 
sea in routes which the succeed- 
ing tides break through, destroying 
them in succession as they are 
formed, before they have time to 
become conlirmed. In the natural 
order of things, the fluvial current 




has acquired a sinuous or spiral motion, deflecting it from side to side, while 
the flood-tide sets inward in a straight line, curbed by none of the iuflQecMs 
which control the river. The tendency of each is to obliterate the traces of 
the other where they diverge, and to accentuate the common bed where thej 
coincide. At certain points, the river follows a course along one bank, while J 
the main tidal stream favours that opposite, with the result that there arc' 
intermediate zones of slack water conducing naturally to the formation of,. 
ehoals. A typical example of tlilH, if it be necessary to select one, is' 
furnished by the redoubtable "James and Maiy" shoal, which constitutes thc^ 
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most dangerous obstacle to navigation in the River Hooghly, and which hai 
the evil reputation of being one of the most fruitful sources of shipwreck 
disaster of any river in the world. Tlie late Profesaor Vernon- Haroourt, 
made a special and eibaustive study of the River Hooghly in 1901, thiu 
describes the circumstances of the formation of the shoal ' : — 

"The descending current of the freshets in the rniuy season scours out 
deep channel alongside the concave left bank, and, diverging only slight]] 
from this bank on passing Nurpur Point (Gga. 204-206), it goes strai^t 
across the river into the very deep channel along the concave right baaik 
below the bend a little beyond Ucwankhali ; whilst the deep flood-tidi 

'ernon-Barcourt on the Hivcr Horghly, Miv. Pror. Inil. C.B., vol. cl«. 
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lannel along the right bank, from MorningtoH Point townrds Shipguiij 
Point, becomes mui-e or less ailted up during the prevalence of tlie freshets. 
On the other hand, during the dry seasoa the flood-tido chuniiel, or Western 
Gut, along the riglit bank, in the lower piirt ot the reach, optna out again, 
till tlie scourhig energy i.f the flood-tide current is dissipated to some extent 
on approacliiiig Shipgnnj Point, wliere it spreads out and passes across to the 
left bank between Ninan and Fulla Point. At the same time, the Eastern 
Gut near the left bank, which depends on the ebh-tide almost entirely for its 
maintenance throughout tlie dry season, !■< reduced in depth; and a bar is 
bruied between the ebb-tide channel near Hcmghly Point and the deep 
shaniiel at right angles to it in front of Gowankhali, by the conflicting action 
of the flood-tide running up this latter channel, thereby joining the James and 
Mary Shoal to Lho Hooghly Sand below." 

Blind Channels.— This conflict of routes, resulting in the temporary 
predominance of one or otiier, is also rcsponsilile for the formation of what 
may be termed " hhnd channels " or cul-de-sacs, such as will be noticed in 
.greater or less promineuce on the i:harts of all important eatnaries. These 
ue deep depressions in tlie river-bed extending for some distance without any 
Apparent outlet, terminating' simply in a ridge or stopped end. The Sloyne 
Mersey Is a notable example, as also the Bog Hole off Soulhport 
in the estuary of the Ribble, Mostyn Deep at the entrance of the Dee, and the 
Great Nore Channel at the mouth ot tlie Thames. These and many other 
instances are undoubtedly duo to the antagonistic teudencies of the upward 
«nd downward streams. 

Variable Channels. —The roving disposition of channels iu saudy 
manifestly the cause of much waste of physical power. Tlie 
energy possessed by the stream in virtue of its momentum, which might 
proHtably be ex;>ended iu mnintaining a deep clear channel and in n^moving 
or preventing any olwtnmtiou of the nature of a bar, is dissipated in the effort 
of eroding and displacing liuge volumes ot aand. It is observable in the river 
Mersey, for instance, that the eatuarine channel rarely occupies the same 
position torn week consecutively. Between Hale Head and Uarston, where 
the estuary is three miles wide, the channel has been diverted within a period 
of twelve months across tlie entire width from the Cheshire side to the 
Lancashire side, and vire rernd. Generally the changes are found to be 
ooincident witli upland floods, which bring a considernble accession of water ; 
but so trifling are the initiatory causes soinotimes, that barges grounding 
SgatDst a side of the existing channel have been known to proiluce a most 
marked deflection. The agitation arising from the process of erosion must 
inevitably cause u considerable quantity of sand to remain in suspension and 
to be Lransportod to the mouth of the river, where its deposition in more 
tranquil waters is only a matter of time. 

Fixed ChannelS.^A constant chamid, on the other hand, where such 
con be assured, has all the advantnges attaching to hxity and stability. It 
entails no frequent surveys with alterations ot buoys and lights ; it does, 
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) inainteiiAnce work, and it acts generally on the lines of i 
stream. 

One forciblj- impressive claim which liaa been put forward on behalf of a rov- 
ing channel is, that by its constaut change of coiirec it deters the estuary from 
silting np in any part. This contention is one which haa no little weight, 
becikusi!, with the reduction in capacity of a tiilal basin or compartment, there 
is a corresponding reduction in the quantity of flood-water admitted, and a 
lusa of scouring effect on the subsequent ebb. The coulinement of a channel 
within restricted boundaries inevitably leads, in tlie case of water heavily 
charged with silt, to accretion in the adjacent subtnerged area. In other words, 
chatniel- training ib a preliminary to land reclamation, and land reclamation is 
the generiLl outcome of channel- training. Land reclamation la not an unuiiied 
benefit : it may be attended by serious consequences to ports situated between 
the locality of recUmation and the sea, and it may entail other physical dis- 
aliilities u'lt altogether easy to foresee. Considerable discretion is therefore 
required both in planning and in carrying out undertakings embodying any 
such scheme. 

Fixed V. Variable Channels.— Taking the question of rivw^lrsining, 
however, as a nhole, on Its intrinsic merits, it seems to turn on the point of 
relative : id vantages— whether, in fact, it is preferable to have a deep, narrow, 
well-defined, constant channel, with adequiite energy fur its own maintenance, 
but with none utdisable for counteracting any silting tendencies elsewhere, or, 
on the other hand, to have a shifting channel with a more slu^ish flow, 
sluicing a large expanse of sand ao as to iiecp it from consolidating in any part, 
and so alTording a broad waterway of greater sectional area, but of inferior 
depth, and subject to all the inconveniences of a shallow bar. The firat 



indicated above, tJiere are 
: constituting a preponder- 



undoubtedly represents the ideal condition, bnt, h 
practicid and circumstantial grounds in some cast 
ating argument in favour of the latter. 

Accretion.— Although it is oftentimes assumed that accretion is the inevi- 
table consequence of conlining a channel within narrow limits, yet such an 
assumption is not legitimate on all occasions. Accretion can only arise from the 
dcpositiou of suspended sediment, and this sediment can only be forthcoming 
from a supply in excess of that wiiich the outgoing stream can carry. Now, there 
is nothing to show that any additional detritus is fot'tbconiing from the upper 
reaches of a regulated river. But even supposing that there be an augmenta- 
tion, the increased velocity of the stream renders it capable of transporting 
a larger percentage of solid matter than before. Evidently, therefore, any 
deposition which takes place is hardly attributable to detritus brought down 
by the upland waters. 

The more likely and, as a matter of fact, the only possible source of 
accretion, is a tidal flow laden with the harvest of coast erosion. The flood-tide, 
entering estuaries on a sandy coiist, is almost universally heavily charged with 
mud and fine particles which have every tendency to deposit themselves at 
the period of slack water, unless the down stream be so directed as to I 
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itipon the area of eettlemeiit, and this cannot lie the case with a channel 
limited to oue part of it. 

The River Seine constitutes a typical illustration of the effects of training 
m chaauel through an eatuarj. Fifty years ago the outlet exliiliite<l all the 
usual Tagarie» of estuarine channels in reganl to alteration in positiou and 
irregularity of depth. From that time regulation works have been iu band, 
Wid the channel is now clearly defined from Roueu to some distance beyond 
Bemlle (fig. 207). At the outset, tho probable results were entirely mis- 
calculated; little or no consideration seems to have l)een taken of the 
iquestion of ailtiug, or rather, its potentialities were so under-estimated as 
to be deemed negligible. It was not long, however, before the couseijuenres 
began to make themselves felt. Huge volumes of alluvium settled in the 
external vtoinity of the training-walls, and the quantity increased rapidly 
IB the capacity of the estuary to receive tidal water was diminished. Land 
reclamation followed as a naturnl Bec;uel. But these processes, though 
leRcial in some respects, and by no means disadvantageous to the port 
trf Bouen situated 74 miles up the river, became seriously prfjudtuial to Che 
port of Havre at its mouth. The entrance channels of this latter port began 
> shoal, sandbanks formed in the apjiroaches, and Havre, as a port, was 
Areatened with extinction. The training- works were arrested for a time. 

t gain to Rouen had been undoubtedly great ; a serviceable channel 
was promoted and assured, so that, whereas formerly vessels of between 
LOO and 200 tons navigated the distance from the sea with difficulty, vessels 
E ten times tliat tonnage now effected tlie journey with case. Moreover, 
le gain of land had appreciable advantages from a national point of view. 
Still, it was manifestly mistaken policy to consider that these benefits out- 
weighed a depreciation in the prosperity of the port of Havre, 

The difficulty was met by providing Havre with a sheltered deep-water 
approach direct from the opeu aea, entirely fieyond the influence of accretion 
I the estuary of the Seine. With this step, involving the construction of 
kwo breakwaters of considerable extent, inclosing a new harbour and the 
Biwination of an entrance facing south-west, and outside the estuary altogether, 
&eedom has been gained for prosecuting the training- works of the Seine, and 
esc seem dpstined to be continued to the river's montli. 

Navigrable Routes. — it must be pointed out, from a navigational point 
nt view, that tlie vagaries of a shifting channel do not always entail an entire 
change of route for shipping. Deep gullies and guts may be excavated on 
tte site of former shoals, and adjacent gullies may be silted up; but vessels 
entering and leaving a port do not necessarily follow the line of greatest 
ideplb. Such a line maj-, in fact, be associated with the blind channels already 
alluded to. A navigable channel, as a rule, consists of a series of deeps 
separated by intervening ridges or shonis, aud the serviceability of the 
channel is governed by the depths of the latter. When any one of tho 
iridges becomes unduly high for the draught of passing vessels, then, in the 
■ence of remedial measures, it becomes necessary to lay down another 
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route; but no long as the depth of water is adequate, this step need not. 
be taken. 

Bars. 

The rectification and improvement of harbour approaches involves not 
onlv the traininor of channels, but in manv cases also the removal of a bar— in 
part, at least. 

A bar is a ridge or narrow plateau, or even a series of several ridges or 
plateaus, Ivinir across the entrance to a river or coastal inlet, and rising up 
above the general level of the sea or river floor in its immediate neighbour- 
hood, on both sides of it. When the altitude of the bar is suflScientlj great to 
reduce the depth of water over its summit to an extent exceeding the limits 
imposed by the re»}uirements of vessels using the entrance, it becomes an 
obstruction to iiaviL'ation, and, in any case, it acts as an impediment to the 
development of the purt or ports to which it is the threshold, aud detracts 
from the navi<ral»le possibilities of the inlet. 

l^rs are to be found mainly in connection with tidal rivers; less often 

Loyy Water oF Equinoctia l Spring Tid e. 







Fk;. 210. — Section of the Bar of the River Mersey, sho¥ring improvement 

due \m dredging operations. 

in connection with non-tidal rivers. On the other hand, some tidal rivers 
and many non - tidal rivers possess channels which, while they may be 
cumbered aud rendered tortuous by shoals, are entirely unobstructed by 
bars The Mersey, the Dee, and the Rhone, for example, have bars of a 
very pronounced and indubitable character. The Thames, the Huml)er, and 
the Severn have channels which enter the sea without any marked obstruction 
at all. 

The OPigfin of bars has been the subject of some controversy. It was 
formerly pretty generally held that a bar wiis due to the detritus brought 
down by inland waters, and deposited at a spot where the effluent, by reason 
of its reduced velocity, was no longer able to retain the material in suspension. 
This argument may indeed hold good in the case of non-tidal rivers, where 
it has also been advanced to account for the formation of deltas ; but in tidal 
waters the fluctuation of ebb and flow at the river's mouth should obviously 
result in a dispersal of any such deposit as soon as it had formed, or even 
before the material had time to settle. 

Another view was, that the source of the material being the same, its 
deposition is brought about by the meeting of o'^"fl»'»tiug currents, which 
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created zonea u! slack wiUer. Since, however, the raeeting-plnnes of such 
currents must uecesi^arily vary to a considerable extent frotii time to time in 
acoordiince with the mutable conditions of tide, wind, and weather, the con- 
tention does not seem jiowerful enough ou its own hypothesis to account for 
a fixed bar ; and most bars are fairly statiutiary. 

A third theory is that the wideuiug mouth oF a river, combined with a 
cooataut cross sectional urea, naturally entails a reduction in depth. Against 
this it is to ha urged that bars are almost universally abrupt mounds standing 
at slopes far steeper thuii would be the case above water, having regard, that 
18, to the angle of repose For the material, and that, therefore, tbey bear no 
apparent relationship to the much more gradual widening of an estuary. 

The opinion now most generally held is that bars are the outcome of 
littoral drift, and that the chief causes of their Tormation are tidal currents 
and storms. Of these, the former agencies are more constant in action, and 
therefore perhaps more influential. The flood-tide, travelling along a shore 
which is being subjected to secular denudation, carries or rolls along with it a 
quantity of gravel, nand, and shingle, the motion of which ia arrested when it 
comes in contact with a counter-current issuing from the mouth of a river. 
This theory does not altogether aceount for the existence of prominent bars 
in localities where littoral erosion is not an evident process. In this case, it 
is contended that the natural tendency of wave motion is to produce irregu- 
larities in the bed of the sea, and that these irregularities in certain places 
have culminated in definite ridges and depressions. But here again the explau- 
ation seems tci be inadequate, since a bar is a special ridge peculiarly associated 
with river mouths, and not by any means ubiquitous ; though, at the same 
time, it must be admitted that there are bars in existence off the coast-line, 
where no river finds its outlet, as, for instance, at Poi'tlund Bill. 

Finally, it is to be noted that there are bare of indurated material, which 
ai-e evidently of a permanent character and primeval origin, Ijcing due to 
the denudation oF the sea floor and the attrition of its softer portions. Such 
ridges consist either of rock,- tough boulder etay, or conglomerate, and they 
manifestly constitute features attributable to no transporting agency 
whatever. 

The problem is one attended by some difhcultiea; and it apparently does 
not admit of a single solution only. In many cases there are indirect causes, 
some of which are obscure ; while in general, the predominant tendencies are 
recognisable. On the whole, it seems fairly well established that the Forma- 
tion of the majority of bars, esjiecially ihose in shallow, sandy estuaries, is 
attributable to the conflict between the external and internal physical agenoies, 
and constitutes the ri^gime under which the forces are in a stiite of equilibrium, 
more or less stable. Hence, if bars of this character be removed, there is 
every likelihood of their recurrence unless special preveutive measures be 
taken. Bars of indurated material, on the otiier hand, are such sa to give no 
ground fur any apprehension of this kind. 



230 



HARBOUR ENGINEERING. 



Training-works. 

For the purpose of training navigable channels, any or all of the following 
measures may be adopted. 

(1) Training by means of Groynes.— Groynes are narrow jetties 
generally of timber, occasionally only of stone or concrete, projecting from 
the bank into the bed of the river at right angles to the direction of its flow. 
In some cases, the groyne is formed by sheet-piling driven continuously and 
bound together by horizontal runners ; in other cases, detached piles are 
driven in a straight line so as to form, with longitudinal walings, a series of 
bays or panels, ranging in extent from 5 feet upwards to 20 feet or more. 
These bays are tilled in with planking, laid horizontally on edge, and spiked 
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Fio. 21 1 . —Timber Groyne. 

to the piles, or by means of bu!idles of brushwood bound with wire, the 
interstices between the bundles being packed with clay and shingle. Bags of 
sand may be used for the same purpose. 

The piles for groynes need not be of any great length ; a depth of from 
10 to 20 feet into the ground will generally sutfice. As regards height, they 
will advisedly be brought at least to the level of the river bank, and as much 
above it as will serve to indicate the position of the groyne in times of flood. 
The body-work of the structure need not be carried higher than ordinary high- 
water level, if indeed so much as that. 

Groynes are spaced at varying distances apart: sometimes at intervals 
equivalent to their own length, sometimes more or less than that standard, 
according to the special requirements of each case. They have the effect of 
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current off the bank to 
it towards the centre oF its ]>ed, aud so produt 
This contraction or concent ration of the flow r 
Action, and consequently in a deepening of the r 



niected, and of i 



con nee 

^ a contraction in width. 
Its in increased scouring 
:bed. 

jen tlie groynes beoome 
graduatly warped and accreted, and the accumulation of material intercepted 
by the groynes leads to tlie formation of eoiitinuous enibanknionts marked hy 
a series of oreBcent-alitped embay men ts. These embaynients are due Co the 
eddying action of the current, which also haa a tendency to denude and 
idermine the outer ends of the groynes. The eKtremities, therefore, should 
be apecially protected, or, at leiut, constructed in a very secure and substantial 
manner. 

Groynes have been extensively used both in thia country and abroad : 
notably on the Clyde, the Tyne, the Tees, and the Danube. They constitute 
a, useful initiatory meaaure, in that they do not enforce too rigid repression 
upon a stream. Constructed primarily in short lengths, capable of extension 
by easy stagen, they deflect the current gradually and with an absence of those 
violent changes of environment which are so liable to produce untoward results. 
When accretion has been proceeding for some time, and the current has 
been induced to occupy its intended channel, the outer ends of the groynes 
will advisedly be connected by means of a contiuuoua wall so as to form an 
unbroken front. This leads us on to the second class of work. 

(2) Tpaining- by means of Walls.— The term " wall," though in common 
in this connection, is not strictly applicable to the whole class of structures 
included within its category. In the majority of cases the so-called walls are 
merely mounds of rubble stone ; sometimes the rubble does no more than 
rough surface paving or pitching to a slope, from 2 to 3 feet thick, or 
sa ; at other times it stands up to some height to a wedge-shaped 
Bection with a liroad base. Moreover, the wall, whether a pitched slope, 
revetment, or upright mound, is far from being universally constructed of 
Btone. Fascine mattresses, either singly or in layers, have been most success- 
fully adapted to all the functions of a training- wall. Slag and clay are also 
used, and, in minor cases, bags of sand. 

The formation of a Stone training^- Wall, tliough apparently a simple 
process, is attended by certain difficulties. Rubble, when deposited in a 
heaped mass, has every disposition to subside in a foundation of soft, sixturated 
id and mud, particularly when the action is fostered and assisted by the 
aoour of a current along the base. The loss incurred in this way has to be 
made good, and further material deposited until a firm bearing is obtained ; 
id this result is not achieved, in many cases, without considerable outlay in 
Bupplies of stone. 

In general practice, the rubble is thrown or tipped overlioard by hand 
from punts and barges ; but the process is slow, and, if the undertaking be 
,t all extensive, it will prove a more expeditious and economical course to 
discharge from hopper barges. When dealt with in this iray, the stono 
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lakes nil initjiil slope of 1 J or 2 to 1, which Bubsequeotl; niay become 

inocimed to 2 or 3 tu 1. 

Fascine work Ima been largely practised as a substitute for atone in 
ciiseii whore the bed of a river coiisistH priDcipall; of quicksand incapable of 
aiip|Hjrtii)g imy greut intetiHity of prcHaure. Aud as most eatuariea are of a 
siLtidy imturu, more or less uucertain and treacherous, it id a Bjetem which 
ii:itiirally HUggeiitii ilsulf, in tliuac ciiKes, for adoption. Gircu Distances are 
piirtioularly fnvournble to frtscitie woi k, for instance, in the sodden, low-ljiug 
Imid on tlie sliorcs i>f the Nctherliinde, and at the outlets of the fenlaud on 
thi: iMiHt coast of this country. 

The iiuturc of fjiscine work hasalieady been iilhided to iu connection with 
its euiploymeiit tor jetty coiiatructioii {p. 171). For that purpose it is chiefly 
built up in tlie form of iiiailregm-g which are equnUy suitable for covering a 
Iiirgo area of sloping Imnk, and for being raised in tiers. Where mattresses 
lire not essuaiinl, fag^ota, or " kids," iu< they are locally allied in Dncolnahire, 
coiisistiiig of 0-feet lengths of thorn briinchcs, cut from hedgerows, and made 



up into bniidles 3 feet in girth, may be utilised. These are lighter to lift and 
ciisiur of manipulation. They are placed overboard, and weighted with sods 
und clay until they sink, the wall being built uji in this way, with the kids 
overlapping each other in transverse layers. 

The interstices of fiiscincs in a waterway rapidly fill with a deposit of 
earth and detritis, which soon solidilie», aud the whole becomes a tough, 
uom[>osito Imnk, closely cohesive, and, at the same time, fairly flexible; so 
that if any undennining should happen to take place, no sudden, abrupt 
fractnrcd would be produced, but the mass would settle unifomily, and no 
part of it wo\ild have any tendency t<> slip out of position into the fairway of 
the chanui'l, as sometimes liappcns in the case of rubble walls. Moreover, 
the tenacity of brushwood offers elfective protection, not only from the 
ordinary scour of streams, but from the wash of passing vessels and the 
discharge of heavy miufalls during periods of low water. 

Arrangfement of Walls. — Training-walls are either single or double. 
Single walls only are ni'ccssary when the nature of the flow ia such that 
erosion ia couHncd to one side of a river, as is the case at beuda. In inter- 
mediate positions and straight reaches, and also in places where it is desintble 
to direct a stream across from one bank to that opposite, two parallel walls 
■ Uin. Proc. Imt. C.E., vol. ilvi., Plato 8. 
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At the mouths of rivers, double retainiug walls may l>e cither parallel ur 
■played, and the splay mny be inwards or outuarda, so that tbe walls either 
converge or diverj^e as they approach the sea. Parallel retaining walls serve 
to maintain the downstream curreut imimpaired in strength and velocity ; 
but if they are carried up to any height in tidal BBtuariea, they lead to an 
accretion which obstructs the flood-stream and excludes a considerable 
purtiim of the water which would otherwise enter the estu.iry. Another 
danger attaching to such walk is the likelihood of ijhoalin}:^ '■< the neighUiur- 
hood or the entrance, due to the nrrest of littoral drift by tbe walls. This 
drawback has mimifested itself in a number of cases, and &t Dnnkirk, 
for instance, tbe jetties have been extended outwurda from time to time, in 
order to reach deep water and to scour 
Rway the intermediate deposit which 
threatened to destroy the accesslhility 
of the port. Moreover, parallel walls 
do little or nothing towards the dissipa- 
tion of storm-waves passing in from the 

. It is from this point of view that 
converging walls have been designed, 
the inclosed area being of the nature 
of a basin containing a relatively larger 

BB of water, upon which external agita- 
tion has less effect. These walls, In fact, 

sometimes adapted so as to form Sea 

oompartments called wave-traps (fig. pj^ ..jg 

213). The drawback of the system is 

the same as that mentioned in connection with parallel walls, viz., the 
reduction in volume, and consequently in scouring eifiimcy, of the influent 
waters. This objection, of course, only applies to tidal seas. 

From this last standpoint, divergent walls are preferable, for with their 
■played arms they admit the Hoofl-tide freely and the outward flow of tbe ebb 
mainlaius the channel in that gradually widening form which is the ideal 
regime of an estuary. The contmction of the sides must not be too rapid, or 
(here will be a tendency to throttle the inward How, and pile up the tidal 
wave until it forms something of the nature of u " bore " — the term applied, 
n certain rivers, to an influK of water possessing a steep face and moving 
vitb considerable rapidity. This is dangerous alike to navigation and to the 
Btability of the banks. It must be admitted that do groat uniformity is 
exhibited in the expansive ratios of natural estuaries. They fluctuate exceed- 
mgly, and range, in parts, from something like 2B50 feet to the mile in the 
Humher to little more than 100 feet to the mile in the Seveni. On the whole, 
however, it may be said that a ratio of 2000 feet to tbe mile constitutes a suit- 
able standard for adoption. 
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Height of Trainingr-wallS.— The height to which training-walls should 
be raised is a moot point. If nothing more than the mere rectification of a 
channel be in view, the wall will only be of the nature of a low revetment, 
confirming and protecting the edge of a newly-formed bank, and need not be 
raised above low water level. It has been urged against this, that in a sandy 
estuary, a channel so formed would soon be silted up with sediment washed 
in from adjacent banks over the top of the walls. There is, however, no 
more reason why silting should take place under the new conditions than 
there is under the old, and it may be safely assmned that the stream is 
powerful enough to maintain its own bed. 

If it be desired to form an entirely fresh channel, or to radically divert an 
existing one, something more definite than a mere revetment becomes 
necessary ; scarcely anything less than a half-tide wall will suffice to confine 
a stream within arbitrary limits and guide it through a novel environment. 
The tendency to resume a long-established course must always remain a 
powerful influence, if ever the compelling forces be modified or removed. 

When land reclamation is definitely aimed at, training-walls will be first 
laid up to mean tide level, and then gradually raised until the level of highest 
high water is reached. 

(3) Training by means of Dredging.^— Of all the agencies at work 

for the regular isation of channels and for the removal of natural impediments, 
there is none so efiective and so powerful as dredging, exemplified, as it is, at 
the present day by machines of enormous size and tremendous capabilities. 
Natural scour is serviceable enough in its way, but it is only effective in soft, 
friable material. It is quite powerless to remove indurated ground within 
any reasonable time, and it has no influence whatever on huge boulders and 
rock. To all training- works, of whatever description, dredging is a most use- 
ful auxiliary, and there are few ports the entrance channels of which can be 
maintained without the aid of continuous and systematic dredging. It is, in 
fact, the recognised medium for the removal of bars and shoals. Nor are its 
operations confined to any one class of material. Dredging in rock is as 
feasible as dredging in alluvium, and boulders are removed as easily as sand. 

At its first introduction, dred<;ing was carried on by small and insignificant 
agencies, but the scope of present-day operations has become so vast and 
extensive as to necessitate the employment of extremely powerful plant and 
appliances. Such primitive expedients as ** the bag and spoon," " the aqua- 
motrice," and " the rake," except in very insignificant localities, have given way 
to large and imposing vessels, self-propelled, navigable, and specially equipped 
with machinery for dealing with something like from one to five thousand tons 
of material per hour. 

The conditions of dredging work are exacting. Formidable obstacles are 
frequently encountered. Not only is the material dealt with of a very 
uncertain and varied character, ranging from impalpable mud to adamantine 

* Drodgiug appliances are fully dealt with and illustrated in Chapter III. of Dock 
Engineering, 
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rock, and from the most friable sand to the stickieat clay, but vi:;iKsiCiLi3ea uf 
climate, weather, tide, current, and wind, have also to hv reckoned with, and 
operations must generally be conducted in Bucb a way as to cause tbe least 
possible disturbance to the esiating conditions of navigation. All these 
matters cause frequent and expensive stoppages and delays. In some cases, 
the actual useful working time only amounts to one-founh of tbe whole year, 
and it is never safe, under any circumstances, to reckon upon more than 200 
working days per annum. A very large proportion of tinic is taken up with 
repairs J breakdowns are a common occurrence, and the expense arising from 
this cause is no inconsiderable sum.' Yet, in spite ot all these drawbacks, 
dredging is an institution of untold value. By its means ports are brought 
into commercial prominence and saved from extinction. No other system 
can vie with it. 

The principle of drtuJijing, originally that of digging and dragging, baa 
been extended to include pumping, so that modem dredgers are divisible into 
two types : first, those in which the action is mechanical erosion, and aecondly, 
thoee in which it is hydraulic suction. lu the most recent machines, both 
actions are combined. 

HechaDical eroders comprise scrapers, cutters, picks, buckets, iind grabs, 
singly or in combination. 

Scraping implements, apart from suctional adjuncts, have only a very 
restricted application. They are intended to disturb and comminute material 
to such an extent as to render it readily removable by the force of the current. 
But the power of a current to maintain material in suspension is strictly 
limited, and it soon becomes laden to its fullest capacity, When this point has 
been readied, it can absorb no increment without au increase in velocity, and 
at the first diminution in its speed it deposits a portion of its load. Hence, 
mechanical scouring rarely produces more thau a slight displacement, and it 
certainly is not capable of sustaining operations on a scale of any magnitiide. 

Combined with a suction tube and pump, however, it is a most useful 
agency. Kxperiments have demonstrated that, with the aid of suitable 
cutters and scrapers, marl, stiff clay, and adhesive material generally, may be 
separated and dissected to a degree compatible with its removal by pumping. 
The cutters employed are, generally speaking, cylindrical in shape, with 
straight or spiral bbides mounted concentrically round the extremity of the 
suction tube. The ethciency of a cutter depends very largely on ite desi^^n, on 
the size, number, and shape of the blades and their positions relatively to one 
■d of U.S. dredger "GednEy," workiugat Bntr.nce ot Niw York 
92J days 
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another, and to the suction nozzle. Many of the earlier experimental forms 
were far from successful in their attempts to remove plastic material. The 
blades become clogged, and a very small proportion of solid matter found its 
way into the discharge pipe. Substantial improvements have, however, been 
effected of late years, and a modern suction cutter dredger is quite capable of 
dealing with the most adhesive and tenacious materials. 

Rock-cutting* involves tiredging appliances of a different type— tbose 
allied to the pick or hand-drill. A long, heavy cylinder of steel, fitted with a 
hard cutting-point, is raised, and allowed to fall by its own weight upon the 
surface of the rock, which it splinters and pulverises. The hardest rock yields 
to this treatment, and the blows are repeated until the fragments are reduced 
to the size of ordinary ballast ready for removal by a bucket or grab. 

The Bucket DredgfCr is to be found either in the form of a continuous 
band of buckets, called the Icuhier dredger, or of a single bucket, worked at 
the end of a lonjj; arm or lever, and called the dipper dredger. 

The first of these stands foremost in importance. The principle on which 
it is constructed is that of an endless chain connecting a series of buckets, 
which revolve continuously around two pivots, or tumblers, at different levels. 
The buckets excavate material at the lower tumbler, and discharge it into a 
shoot while passing over the upper tumbler. Dredgers of the ladder type 
present two varieties : those in which the ladders are centrally situated, and 
those in which the ladders are set at each side of the dredger. 

The bucket dredger can remove sand, clay, shingle, and marl, with equal 
facility, and it can even deal with the softer kinds of rock. In harder varieties 
of rock it follows in the wake of blasting operations, or of a rock-cutter. It 
will lift boulders of a mwlerate size. A dredger at Bristol, on one occasion, 
raised a boulder weighing 2J tons without the least damage to the bucket. 
Most dredgers working in glacial clay have had some experience of boulder- 
lifting. 

The Dipper Dredgfer, with a single fixed bucket at the end of a long 
lever arm, is almost exclusively an American type. It is used mainly on river 
beds and channels where the working depth is not very great; for sea 
work in deeper and more exposed water, the ladder dredger shows to better 
advantiige. Mounted on a barge, and working either from one end or through 
a well-hole in the centre, the lever makes a curved upward cut, and the con- 
tents of the bucket, after slowing, are dropped into a scow or hopper ranged 
alongside. 

The Grab coiisists of two or more curved plates, or jaws, capable of 
openi!ig and closing in response to suitable mechanism. It is worked, to a 
very large extent, with the aid of gravity. Suspended by a chain or chains 
from the head of a crane jib, the bucket is allowed to fall freely by its own 
weight, with open jaws, until it buries itself in the ground. The jaws are then 
brought together, and the inclosed mass of earth is lifted. The economical 
scope of grab dredgers is limited to confined situations where other forms of 
dredger are unworkable. 



The pumping priuciple is repreBL-ntcd lij one type only — Die suction 
dredger. 

The Suction Dredg^er has proved itself to be unquealiotwUy one of the 
moBt reuiarkiilile contrivoucea ever devised for tLe removnl of subaquoouij 
material, both in regard to the enormous extent of its output and the low 
nost of its operations. It is to some bxCent, of course, a Bpeciul machine. 
There arc,, naturally, conditions and circum stances to which it is not apgilJo- 
able ; but they are few. It would be useless to expect it to dredge hard rock 
or to lift massive boulders. In all other cases, the efficucy of the snction 
dredger has been demonstrated beyond question. 

The suction dredger consists essentially of a continuous pipe or tube, 
through which, by means of suitible pumping machinery, material is sucked 
up and discharged, either into a hopper forming |iart of the vessel itself, or 
into a scow ranged alongside, or through a shoot or tube leading to an 
adjacent bank or shore, which last arrangement lends itself very conveniently 
to land recliimatiou purposes. In the case of sand and light material, no 
preliminary treatment is necessary, but clay and marl have to be disintegrated 
by the cutters already alluded to, before they are in a condition to be drawn 
up the tube. 

In exposed situations, such as prevuit along the seacoast, the suction 
dredger possesses j. marked ailvaotage over apparatus of other types, the 
working of which is often materially interfered with by the motion of the 
waves. Equipped with telescopic pipes and flexible joints, the suction 
dredgi^r readily adjusts Itself to the rise and fall of the sea, and is quite 
iudcpendent of variations in level, either momentary or prolonged. 

There is a great deal to be said, in eiteusion uf the foregoing remarks, on the 
relative advautagea of the various types of dredgers, and there are many inter- 
esting features in connection with their working which might usefully claim our 
uttentiou ; but space will not permit us to pursue the matter further here. 

We turn now to the last item in our series. 

(4) Training by means of Sluices.— The principle of sluicing is based 
on that uf the ebli-tidc cuiTent, which, fl^iwing out of a coastal indentation, 
scours its pas.'iage as it goes The application of sluicing, however, ia 
restricted to channel deepening and mainteniince. It is rarely, if ever, 
employed in channel-making. 

In practice, a largo hasin or receptacle is provided, within which the 
tidal water, entering up to the time of high water, is impounded and sub- 
sequently discharged through sluices or outlets at or aliout low water. The 
most effective period for ainicing is during springtides, when the flood waters 
are large and tlie ebb level is low. 

The method has been largely used in ports bordering on the English 
Channel and the North Sea, such as Dunkirk, Calais, Boulogne, Dieppe, 
Ostend, etc., where the discharge of a large volume uf water in this way haa 
been found highly serviceable in keeping the harbour entrance channels free 
from silt. The system has its drawbacks. The retaining basins tend tejiH^ 
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up themBelves during the quiescent period of rcteotioD. To obviate tlm, 1^ 
basin is, in some caaes, aa at HuuHcur, only lillad about the time of hi^h tnlm, 
when the influent is comparatively clear. In other cases, as at lUmsgato and 
Dover, the basin has been divided into two oompartmetits, one of which b 
used periodicikllj to cleanse the other. 

Some harbours are equipped with n natural sluicing basin. Such is tbs 
cuae at Santa Ana, Curai^ao, which is probably one of the linest natuid 
harbouru in the world. The Schottegat lagoon, behind it, forms a tidal 
2} miles in length, with a depth of SO to 60 feet At Yarmouth thi 
mugniHeent backwater, receiving various tributaries and forming 
reservoir of fresh and salt water, which serves to keep the harbour fully 
and even deepens the approachca. 

In coses where the sluicing basin is fed with fresh water, it is desii 
note tliat the specific gravity of fresh water being less than that of salt 
there is a marked tendency for the lighter liquid to dow over the denaer 
this phenomenon, which ia a matter of ordinary observation, detracta 
what from the scouring effect of fresh water. 

A coastal inlet or estuary may be transformed into an automatic sit 
basin by the construction, as at the mouth of the LifTey, of a low retai 
wall, which becomes submerged above lialf*tide level. When the tide 
again below this level, the ebbing water oouvergea to a oont[acted outlet, 
sluices the harbour entrance. 

Compared with dredging, sluicing ia an agency not nearly so powei 
so effective. The head or preesure under which it acta is rapidly diss 
by the resistance which it encounters, and at some little distance from 
source its scouring efi'ect is greatly reduced, and rendered but slightly aj 
oiable. Indeed, it muy be said that sluicing, as a means of channel moJ] 
anoe, has priictioally been entirely superseded by dredging. 

So far as it is possible to deal in a single chapter with a subject whli 
capable of being exgianded to an entire volume, the foregoing represents 
attempt at a fair review of the methods by which the entrance chaunels of 
ports are improved and maintained. It only reniaius to append a few examptw 
of work actually carried out in various parts of the world, in order to aJToid 
some illustration of the manner in which general principles are applied to 
particular cases, and the modifications which have to he introduced to 
special local conditions 

InBtances of Channel Regulation Works. 
Regulation Works at the Mouth of the River Weser.'—TG? 

estuary of the Wescr has licon undergoing a course of improvement since th« 
year 1891, when Herr Franzius designed works consisting chiefly of two 
training- walls for tlie removal of a bar, caused by a division of tbe current) 
which had existed for alwul thirty years, and had finally attained a length of 
■ Fmuiiia and Tliierry on Uiver iieguUtioD Works ia U ermuiy, ilin. /'roe, ImM, G. 
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nearly 7 miles. One training- wall waa situated on the left bank abont 4J 
leB long, opposite Bremerljaven, and lying between that port and IniBum, 
Aud tlie aecuiid wall waa ou tlie rij^ht bank, 1 mile long, between IraBum 
tod Wretoen. These walla had the effect of redufiny the excesBive width nf 
the river, and the increaEed velocity of the water produced a scour which 
removed completely 7 million cubic yards of sand in two years, and changed 
the positiun of anotlier 4jj milliou cnbio yards — all in a length of 12 tnilcB. 
The movement of material, however, simply led to the formation or banks 
elsewhere, and a snction dredger of 500 I.H.-P. was ultimately obtained to 
keep upen the channel to firemerhavi^n for deep-draughted vessels, which it 
has done in a perfectly satisfactory manner. A second dredger of greater 
capacity was added, in 1898, na a substitute in case of damage to the earlier 
boat, possibly entailing leuj^thy repairs, and also in order to be in a position 
to deal with simultaneous shoaling of distant parts of the estuary. 

The Robben Plate divides the outlet of the Weser into two streams, m\<\ 
tbere is a further subdivision at the West Ever Sand. In con8ei[uence of 
these obstructions, an outer bar had formed at the north end of the right-hand 
channel. To remedy this defect, in 1896 the branch stream between the East 
id West Ever Sands, which has a breadth of about two-thirds of a mile, whs 
dammed by depositing a layer of weighted fascines, 3^ feet in height, and in 
the following year a second layer was added. Simultaneously, protection 
works were carried out along the frontage of the Wurster Watt. The object 
in view during these operaiious was to attain a low-water depth throughout 
of 26 feet, so that there might be no restriction to the passage of deep- 
draughted vessels. This object was in due course attained. 

It waa also at one time proposed to block the channel lying to the left of 
the Robben Plate by means of a training wall and dam. as indicated in fig, 
214. The works, however, have not been earned out, as the channel has 
manifested a natural tendency to silt op, and it is considered that any artificial 
assistance in this direction is superHuons. 

Writing in 1906 to the author, Hcrr de Thierry remarks:— 

"The »orks begun in 1896 and 1897 between the East nnd West Ever 
Sands, and for the protection of the Wnrster Watt, have been carrieil out and 
maiutained. The two dredgers, "Columbus" and "Franzius," have been 
nearly constantly at work deepening and regulating the channel. The 
dredging of a deep channel caused difficulties between Imsnm and Wremen, 
owini; to a hank of boulders bedded in very atiflf clay. The dredgers have 
worked chiefly at this |ilace, and lower down, where the velocity of Sow is 
sensibly decreased, on account of the bmnehin^: ofTof the stream between the 
East and Wi-st Ever Sands. A low-water depth of 28 feet throu^ihout was, 
however, not witi islanding these ditficulties, achieved two years ago, and has 
since been easily maintained." 

Training'-jetties at Tampico Harbour, Mexico.'— The improve- 
ment works at the month of the river Pamico, for the port of Tampico in Mexico, 
I Corthell im Tuiupioo Harbour Works, Min. h-oc. I«fl. ( 
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consist of two parallel jetties which hare been built out from the shore-line 
into the G\ilf of Mexico. They are about 6700 feet long, and extend into 
24 feet of water, their direction being E.N.K, and they are 1000 feet apart 
between centre lines. Following the precedent of the work at the mouth of 
the Mississippi, Dr Gorthell, their designer, constructed them of brushwood 
mattresses consolidated with rubble stone and detritus. The brushwood was 
obtained locally, cither from the adjacent banks of the rirer, in which case it 
was conveyed by barges, or from near the railway, when it was transported 
by waggons provided with side-posts to retain the material, which, of course, 
though light, was bulky. The railway was specially extended from the town 
of Tampico to the mouth of the river for the purpose of conveying materials 
not only to the site, but also to their place of deposit. To this end, a trestle 
pier was constructed, which carried a double line of rails with several cross- 
overs. The mattresses were slung from the pier, between the underside of the 
pile caps and the surface of the water. 

'* For building the mattresses, supports of pine scantling, about 3 inches 
by 8 inches and of a length equal to the width of the mattress, were suspended 
athwart the jetty line from the caps and stringers of the pier, by means of ropes 
so arranged that they could be easily and simultaneously released. On the 
skids were laid other lines of scantling 3 inches by 6 inches, for about 60 feet, 
the length of the mattress lying longitudinally with the jetty. In these 
scantlings, forming the bottom framework of the jetties, there were inserted, 
before being laid on the skids, iron rods f inch in diameter and of the length 
required for the thickness for the mattress, which ranged between 4 feet to 
7 feet. These longitudinal strips were placed 5 feet apart on the suspended 
skids, with the rods upright ; the brush was then brought to the work, either 
in a barge alongside when the sea was smooth, or by cars overhead if the 
sea was rough. It was packed as closely as possible, first in a layer athwart 
the jetty, and then in a layer lengthwise with the jetty, and so on, until the 
required thickness was obtained. Mattress strips, or scantlings, of the width 
of the mattress, were then placed over these rods ; and by means of heavy 
mallets and powerful " grip " levers, with an iron jaw to take hold of the rod, 
a pull of 3000 lbs. was brought to bear, and the mattress was compressed about 
20 per cent. The rods were then bent down over the strips to hold them 
securely.'* 

The character of the brush was not altogether satisfactory ; it was gener- 
ally crooked and very stiff, and did not yield to compression during construc- 
tion, or give way to form solid work until it had been heavily loaded a long 
time with stone under water. For this reason, the final compression after 
loading was nearly 50 per cent, of the bulk of the mattress on completion. 

"Between six and twelve waggon loads of riprap stone, each car carrying 
about 12 cubic yards, were then usually hauled by the locomotive to the 
point over the mattress. The ropes suspending the mattress were released, 
and the stone from the waggons thrown on to it, causing it to sink out of 
sight '" • ^'"v moments. Mattress work was thus carried on when it would 
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e beeu impoaaible to do bo with a floating equipment. By thia metlioU 
of construction, which, with some change in detaila, was followed throughout 
the work, the mattreases were built round the piles, of wliioh ihere were 
between four and eight in each bent, the bents being 15 fctt apart. The 
ouly raodilication was in the varjiug thickness and width of the mattreiises, 
Knd in often aiibiLitutiug J-ineh rods for the smaller rods in the corucrH 
or miter sidca. Only nue or two of the maltreaaes were injured by thi.- 

As the south jetty was on the opposite aide of the river from the railway 
terminus, it was necessary to ferry the wagifons of rock und brushwood acruRs, 
This was done by a "model" barge, with two tracks holding six waggons, 
aprons being arranged, adjustable to the tide, at the end of a short pier on 
each side of the river. A locomotive for hauling the waggons on the south 
aide was ferried over, and used between the barges and the work. 

The t«tal amount of brushwood used on the jetties until the close of 
their eonstruetion iu 1892, was 390,532 cubic yards; of rock, 373.048 
cubic yards; and of pine piling, '253,347 lineal feet. 

Dr Corthell funiishea the following details of actual cost: — 



Uncreoaoted piles from the United States,. 1 4^ per linear foot. 

Uncre<aoted Pahna or other approved native piles, 1 1 

Creosoted piles from the United States, 2 5i „ 

Mattress work,. ..... (12 [ler eiibii; yard. 

Brush work, ....'., ^ 'k <■ 

Large stone (not exceeding 3 cubic yards), 9 3 „ 

Small stone (not exceeding J cubic yard), . . 7 SJ „ 

Concrete blocks, ...... 41 8 ., 

The prices include not only the materials named, but also all iron, strafw. 
fastenings, ties, scantling, framework, etc., required for their use. 

Wave Basin at Westport Harbour, New Zealand.'— "Westport 
Harbour is siiuated nt the mouth of the BuUcr River, on the west ooast of 
the middle island of New Zealand, and is the most important coal port of that 
colony. The river discharges into the Tasman >Sea, nearly at ri^'ht angles to 
the coast-line. About 6 miles to the westward of the entrance a natural 
alielter from the prevailing south- westerly winds is formed by Cape Foulwind 
and the Steeples." 

The external works, designed by Sir John Coode and completed iu 1893, 
consists of two converging breakwaters of granite rubble affording an entrance 
width of 700 feet in the clear. The breakwaters were splayed inwardly in 
plan, in order to provide wave-liasina on each side of the river Eur the dissipa- 
tion of heavy seas during gales. It has been found, however, by Mr Rawson, 
the engineer to the Westport Harbour Board, that the basin on the west 
side was unnecessary, and a training- wall, the eipenne of which might have 
' Bawaoii oa Westiiort Harbour. M\h. Free, Just. C.B., vol. cixxvi. 
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been saved if the western breakwater had been run stnigbt to a jMnnt, 100( 
feet higher up the river bank, has since been constructed. " The entranei 
is 0|ieii to gales from the uorth-uortb-west to the north-north-eaat, but th« 




beavieat seas are enperienced from the nortb-west ; in exceptional ca a e a, 
occurring perhspa not onc^ in a year, these seas break about one mile out in 
about 6 fathoms of water, and front thence U> the bar is a maaa of brokao 
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water. On ordinary occasions, however, the break is close to atid on the 
bar ; and in what is considered ii very heavy sea, the waves range between 
about 10 feet and 12 feet in height." From whatever quarter they come, 
Heas are broken on the ahoal within the harbour and completely dia- 
aipated it) the eastern wave basin. 

Entrance to Richmond River, N.S.W.'— The Uiohmond River is 

le of the most important rivers in Australia, serving a large agricultural 
and farming district. Owing, however, to the cultivation carried on along 
ita bank, the flood waters are heavily charged with silt, and this naturally 
Its in eoneiderable deposits in the vicinity of the entrance. This dele- 
terious action is somewhat counteracted by occasional heavy floods, which 
Bcour the channel, although only a small percentage of the rainfall over the 
11 finds its way into the river, owing to the permeability of the soil and 
natural reservoirs formed by Hwamps. The great drawlHick to the 
Bichmond River bos been the shifting; character of its entrance, combined 
with a shallow bar and adjjicent shnala. Those evils were intensified by the 
conflict of the waters of North Creek with those of the main river at their 
point of meeting, between East and West Bullina. 

The position of the entrance has shifted through a distance of more than 
- mile, and it has also been noted that flouds have caused the channel to break 
through the Southern Spit on four occasions in thirty-five years. Thus, the 
navigation of the port has been dangerous at all times, and on many ooca- 
uons impossible. 

In 1888, Sir John Coode was invited to report upon such means as were 
aitablc for fixing the channel and regulating its width, so that the scour 
might be confined to a definite track of proper proportions ; to neutralise the 
obstruction offered by certain rocks near the mouth of North Creek ; and to 
prevent the cnuflict of the waters from the North Creek with those from the 
main river. The remedial works executed, and in course of execution, are 
■hown in fig. 218. Some of these works have been carried out as designed ; 
others have been somewhat modified in accordance with experience gained 
during the course of operations. The main features are sufliciently intelligible, 
«nd the only point calling for particular notice is the somewhat unusual 
addition of a middle training- wall. 

"The construction of the new middle training- wall," says Mr Burrows, 
which reaches ordinary high-tide level for the greater part of its length, was 
determine*! upon by Mr Darley, then engineer-in-chlef, at a time when the 
unfinished condition of other works in progress allowed a largo sand-spit to 
form across the area between the mouth of North Creek and the south wall, 
ftnd it was found necessary to train the tidal currents of the river at this 
place, 80 that the discharge at ebb-tide would tend t'l prevent the spit in- 
creasing the obstruction to navigation at the river entrance. Caps or open - 
gs were left in the wall for the preservation of the old navigable channel 

> BurroWB on IniunivaiueDto at Eluliuuie to Etcbniond Biver, JTui. Prve. lad, C.£., 
Lelz. 
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along the south wall, until a new channel should be dredgttl iJon(; the nortii 
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The dredgiug uf a chauuel biiruugh iadurated sand aifords nn iutercstiug 
coin[jariaon of tlie relative efficiency and economy of a sitetiou dredger and a 
ladder dredger respectively, both working in the aamo material. The hucUoh 
dredger " Dictys" was fitted witli revolving cutting gear, without which she 
would have been uhoIcsh, and the upoil was deposited over an adjacent wall, 
by means of pipes laid on pontoons, into a blind channel which had to be 
filled uji. Tlie bucket dredger "Alcldea" followed in the wake of blasting 
operations, which were carried out cheaply and expeditiously, as the material 
was easily bored by a water-jet working at a pressure of about SO Iba, per 
square inch, and a hole could be put down in this soft rock at the rate of 1 
foot per minute. Nobel's Olaagow dyuauite was used, and four holes were 
exploded simultaneously by an electric battery, the ladder dredging following 
and lifting the debris into hopper barges for conveyauce elsewhere. 

The following ia a tabular atatemeut of the result of a period of working 




of 
Iwdger. 


Type of Dredger. 


Period 

of 
Teat. 


ElfMtiTe B.f. «H 


CoBtper 
Mont^h. 


n«.ti*r 

Ymrd. 


Mininum 
Kiit« per 
Cubic Yard 
per Month. 


1 


Uddn 
Dictys 


Single ladder, with) 
horinR-puiit, diver, 1 
ei,,l03ivea.andtug-f 
bwit J 

PumpwithcuttinEg»r 


HontU 

la 

IG 


Oabio yds. ' Cubic ydn. 
17,680 1.466 
16,183 1,011 


£ 

400 
260 


». d. 
5 H 

4 Hi 


t. d. 

3 & 
3 


The comparison as regards output lies in favour of the bucket dredger ; 
but as no towing of dredged material was necessary in the case of the auction 
pump, the cost of working by tlio latter system was lower. Possibly it might 
have been lower still, ns at the commencemont of tbc period some experi- 
mental work was being carried out with various kinds of blades in tlie cutting 
gear, to ascertain the most eflective form, with the result that the original 
Gutters were retained with but slight modification. The cost given in the 
statement includes wages, stores, repairs, etc., but excludes any interest on 
capital cost or charge for depreciation. 

Entrance Channel to the Port of Ostend. -ibc fairway leading 

dredging and sluicing. Up to the year 189B sluicing alone was in vogue, and 
its effects were deemed satisfactory and adequate. This was perhaps more 
particularly the case in the interior of the channel, which was subject to 
silting of a very light nature, the material being chiefly mud. At the 
entrunce and in the exteriml fairway, the results were not quite so pronounced, 
owing to the mure compact and sandy nature of the deposit. 

Wljen, in 1898, new works were undertaken for the development of the 





246 HARBOITR BNOINBERINO. 

withdrawn from use, and have since been demolished, their sites being used 
for other purposes. A new sluicing basin of much larger area has been 
designed to take their place. 

At the same time, it was recognised that with the increased depth re- 
(juired for modem shipping it would be impossible to realise an effective 
maintenance service by means of sluicing operations alone. Dredging, there- 
fore, was introduced as an auxiliary. The peculiar conditions appertaining 
to the port of Ostend are thus set forth by Mr Van der Schueren in his 
communication to the International Navigation Congress.^ 

** We have pointed out that the method adopted at Ostend for preserving 
the navigable depth of its channel, consists of a combination of sluicing and 
dredging. 

*^ It may be objected that what can be obtained by sluicing can be equally 
well obtained from dredging, and that it is not necessary to have recourse to 
the combined system. At most, it would be a question of cost. It would be 
necessary to ascertain whether the mixed system is more economical than 
that of dredging alone. Yet, it is not certain that from this particular point 
the advantage would lie with the combined system 

''But, in our opinion, the preceding considerations are of secondary 
importance, and ought not to furnish a basis for the solution of the problem. 

*' In point of fact, under the conditions in which the sluices were installed 
at Ostend, these latter not only serve to maintain the inner channel, but also, 
and specially, they maintain the deep berth in front of the new tidal quay, 
where navigation requires 26 feet of water at low tide. 

"Owing to the prevalence of mud in the port, a rapid diminution in 
depth may be expected to take place, unless very powerful counteracting 
agencies are brought into play, combatting the silting tendency without 
relaxation or discontinuance. 

'' In default of sluices, dredging would be essential at the foot of the tidal 
quay ; this would entail the occupation of the quay berth by cumbersome vessels, 
as inconvenient from the point of view of navigation as from that of trade. 

'* There is therefore every reason for limiting dredging operations at the 
tidal quay, and, from this point of view, sluicing has its advantages. It reduces 
the inconveniences to a minimum by considerably diminishing the quantity 
of material requiring to be dredged." 

The new sluicing basin has an area of nearly 200 acres, and its contents 
are discharged through six openings each 16 feet 6 inches in width. 

Regulation Works on the Rhine.^— ** The Rhine, between Mainz and 
the Dutch frontier, has been systematically regulated in wide, shallow reaches, 
chiefly by projecting spurs or dykes, generally extending into the river from 
one bank, but occasionally from both banks where the conditions are un- 
favourable, as, for example, in a wide reach between two bends ; and sometimes 

' Van der Schueren on Curage des Ports Maritimes, Proc Int. Nov. Cong. 
DxvsseldcTf, 1902. 

' Vernon- Uarcourt on Dosseldorf Congress, 1902, Min. Proc, IntL C.B,^ roL oliL 
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longitudinal dykes have been resorted to, connected iittitally with tlie river 
bank bj crom dykes. These dykes consist chiefly of earthwork mounds, 
protected on the face by rubble or pitching, with a rubble mound on tno 
exposed toe; and occasionally fascines are employed in conjunction with 




stone, or a rubble mound aluue. Tbtsse reguLitiou works have, for the greater 
part, been gradually carried out during the latter half of the nineteenth 
centnry ; and two examples of somewhat recent and extensive regulation 
works, constructed about half-way between Biebrich and Bingen and just 
above Kboigswinter respectively, are illustrated in figs. 219, 220. These 
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works, ill conjunction with dredging, where necessary, have provided a 
navigable depth, at tlie ordinary low stage of the river, of 10 feet from the 
Dutch frontier up to Ck)logne, and 8^ feet between Cologne and Caub at the 
base of the steep slope below Bingen ; above which point the available depth 
at average low water is reduced to 6| feet, which is maintained up to 
Philippsburg about 22^ miles above Mannheim. 

The Port of New York. — There are two navigable entrances (fig. 8) to 
the port of New York. One, which is frequented by transatlantic liners and 
ocean-going vessels generally, is flanked by Sandy Kook on the south and by 
Coney Island on the north, and opens directly on to the Atlantic Ocean ; the 
other is an arm of the sea hemmed in between Long Island and the mainland, 
known as Long Island Sound as far as its junction with East River at Hell 
Crate, and forming the principal route for coasting vessels trading to and from 
the northern states and the Canadian provinces. 

These entrances present features of direct and striking contrast, both in 
regard to their nature and the means adopted for their amelioration. The 
main entrance is broad and spacious, and, fronting the Atlantic, is exposed to 
all its storms. Moreover, it is beset with shoals and sandbanks. Sandy Hook 
itself is but a low-lying bank, more or less submerged, and varying from time 
to time in form and extent. 

Obviously, for such a regime, the process of suction dredging forms the 
proper system of treatment, and this has been carried on for a number of 
years past with eminently satisfactory results. There is at present a 
minimum navigable depth uf 30 feet at low water along the main ship channel, 
and operations are well advanced towards the attainment of a depth of 40 feet 
along a new and shorter route known as the Ambrose Channel.^ 

The tidal current is moderate. At the crest of the bar it rarely exceeds 
1^ knots, and within the limits of the inner channels its maximum rate is 
from 2 to 2^ knots. 

The Long Island entrance is characterised by a sinuous course, under- 
going frequent and abrupt changes of direction. It is comparatively sheltered, 
but has to wind its way amid the intricacies of an archipelago of inlets and 
rocky reefs, some of the latter rising above the water level, but many of them 
totally submerged and fraught with danger to navigation. The currents, 
moreover, are rapid, reaching at certain points a speed of 10 knots, and eddies 
are numerous. The im[)etus thus generated, combined with the irregularities 
of the course, have been, in times past, the cause of numerous disasters to 
shipping, particularly in the neighbourhood of Hell Qate, where the stream 
is deflected at right angles past Hallet's Point, to be split up into a multitude 
of rivulets amid the hidden reefs which abounded at that point. By means 
of blasting operations, however, on an extensive, not to say gigantic scale, the 
worst of these obstructions have been removed, and the diannel is now 
navigable in comparative ease, and, at any rate, with safety. 

^ A ruling depth in the Ambrose Channel of 35 feet at lowest ebb tide, thnmghoat a 
width of 1000 feet, was reported to have been i-ealised in August 1907. 
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CHAPTER X. 
CHANNEL DEMARCATION. 

Vuluc of Systematic Demarcation— Regulation and Supervigion of Channel iMarks— Id- 
(lencndence of Authorities — Fundamental Chartictensties of Signals — Beacons— Buoys 
— National Systems— Trinity House Regulations — Design of Buoys — Channel Lighting 
— Luminous Buoys — Wigham Burner — Pintsch System — Lightshi]>s — Suspension of 
Floating Lights — Luminous Be^icons and Lighthouses — Incandesc-ent Burners — Light 
Concentration — Reflectors and Lenses — Catoptric, Dioptric, and Catadioptric Systems— 
Rango of Light — Identification of Stations— Sound Signals — Audible Buoys. 

Importance of Channel Demarcation.— One of the most essential 

features of a modern port is a clear and systematic demarcation of the 
channels by which it is approached from the open sea Be the channels long 
or short, winding or comparatively straight, the necessity is universally and 
incontruvertibly evident, since, in the absence of such guidance, ships run the 
risk of grounding on the shoals and banks which fringe the coast-line of nearly 
every maritime country. Few ports are endowed by nature with an illimit- 
able expanse of open fairway, and, in the majority of cases, restrictions and 
precautions of no inconsiderable perplexity have to be observed. This is more 
particularly the case with those ports which lie in deep coastal and estuarine 
indentations, or inland upon the banks of some navigable river within the 
range of tidal influence. Fluctuations of depth, combined, in many instances, 
with the eccentricities and vagaries of currents, are a source of continual 
apprehension to the mnrincr, who Inis most generally to fall back on special 
local assisUmce in order to reach his destination. Yet there are circumstances 
under which such assistance may not be forthcoming ; and, apart from this, 
there is always the desirability of according harbours and ports the fullest 
possible mciisure of safe and convenient access. Too much importance, 
therefore, can hardly be attached to the proper and effective delimitation of 
navigable channels. 

In a maritime country one would naturally expect to 6nd a matter of such 
vital interest to the community dealt with on broad and systematic lines, and 
the methinls jwiopted carried to a very high state of perfection. Uniformity 
of practice and treatment wo\ild appear to be the most obvious of desiderata. 
Yet it must be confessed that, until comparatively recently, the demarcation 
of approach channels was regarded, to a very great extent, as a matter of 

alip local importance, and it was largely left in the hands of 
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district iLuthorities with little, if nnj, attempt at oational supervisiDti. The 
ijiovitublo coubctjucnuo was a diversity of practice, which served to puzxle unij 
contuse the uavigator rather than to ausist him. Each port adopted it ayoti-iii 
of its own, withoot reference to the broader iiitercets of the couutry at large, 
and dilTerent rulea und re(,'ulationa were laid down in various quarters, which 
oftentiraeu proved as conflicting as they were involved. 

This luck of proper and efTcctive centralisation is, cif course, uo un- 
conuuou feature of Gritiah adminiatrative uethuds, being due, in a i^rcal 
measure, lo the spontaneous origin and independent growth of the iialiuual 
institutiona. The fact is none tlie less regrettable, in thut while the 
attendant evils do not always manifest themselves so prominently as to 
attract pubHc notice, and bring about much needed reform, they invariably 
result iu extravagance and confusion. Fortunately, 

natural trend of events is towurda the eatablL-hnifiit nf a hegemony of some 
kind or another, even though it be imperfect and ill-deiined. This tendency, 
which is manifestly one to be fostered and encuurtiged, has shown itself in 
the present instance. 

There are still in existence, within the limits of the United Kiugdoni, three 
separate budica endowed with the control of the lighting and buoying of the 
British coast-line.' These are Trinity House, London, primus inter parer, the 
jurisdiction of which extends from Berwiok-on -Tweed round to the Solway 
Firth; The t'ommissioners of Northern Lights, who administer the coast-line 
of Scotland and the Isle of Man; and the Commissioners of Irish Lights, 
formerly the Dublin Ballast Ikiard, who discharge similar duties in respect to 
Ireland. Apart from these corpornlious, however, though under their 
respective suzerainties, there are nitmerous local authorities excrciHing eontrol 
within the limits of their several boundaries. Thus, the demarcation of the 
approaches to the river Mersey is in the hands of the ^lersey Ducks and 
Harbour Board ; while the higher reaches of the same river are adnnnislerBd 
by the Upper Mersey Navigation Uommissi oners. Hull Trinity House super- 
vises the Hiimher and its precincts; and the Corporation of Lynn, the 
channels of the Wash. Trinity House, London, looks after the Thames. 

Some little time ago there was held a couference which was attended by 
representatives of Trinity House, the Admiralty, and other interested parties. 
At this conference a series of regulations were formulated, and recommended 
for general adoption liy all port authorities in this country. These regulations 
will be referred to in detail later. It is interesting, however, here to note 
that this step towards the general standardisation of channel marks has met 
with approval and success. In fact, a similar congress, but representing far 
vider interests, and international in character, assemhied in Washington in 
1899, and drew up certain principles for the regulation of navigable water< 
ways in general, and these principles have become recognised on the continent 

' Id S»|itember 1906 ii uonimiuioa wua a[ipointe(l by tlie GoVDrnnioiit to repun on tbe 
Rapectire fUQctioiis vt tb«M bodiM, with a vierw to aome method of on-oidiMtloli o 

•m-IgnuiaUun, 



252 HARBOUR BNOnfEBRIHG. 

of Europe and in America as a definite tMUS for the ef bltAnieot of » 

ajrstenuitic cAe of channel Hignala. 

Pund&mental Characteristics of Channel Sgnals.— Dealii^ with 
the ']u?Ktioii, a/, initio, it will be erident that the enetitijJ featuiCB of aojr 
aatiitfactorj Hjnteiii of demarcation are — 

(1) CoIl8I•icucl^!^netla, by which the marks or ngnals may be aeeo from a 
coiDtidernble distance. 

(2) Individuality, b; which the; maj be definitelj recognised and di>- 
tiiiguiahed, combined with 

(3^ Siuiplicity io regard to their signification, and 

(4) In variableness or unalterabilitj of chanwter. 

In the daytime, these conditions are generallj fulfilled by beacons and 
buo^K of dehnite shape and hue ; and at night, by lights of 3 certain range, 
inteoKity, and colour. 

To avoid confusion, it will be desirable, as far as possible, to restrict the use 
of the term " Ijcacon " to fixed, and of the term " buoy " to floating structures. 
The surmounting signal of a buoy, however, is commonly also designated a 
beacon. Both buoys and beacons may be used as a means of illumiuation, 
but it is solely io regard to their construction and outline that they will be 
considered in the (iret instance. 

Beacons. — Beacons, then, are prominent objects or structures ou the 





Km. ayl. — lieucon. Fio. 222,— Beacon, 

uoiist-liue or on 11 rivor bank, cupuble of actiug as a means of alignment, 
or as iin indication of cbaoge of direction. Natural objects, such as lofty 
iHuUtod trees; topographical fealuies, such as the edge of a olifT, or the 
summit of a hill ; and prominent structures of any kind, such as windmills, 
fiictory cliiniiioys, and church steeples, may all be used ns beacons. When 
special uruutioiis have to be made, they generally take the form of a wooden 
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framework tapering from a wide base to a n&rrow top, or furming some 
distinctive geometrical figure, such as a triangle or lozenge. It is esaentia], 
of course, that the beacon shoiilil stand out clearlj against its background, 
and the steps necessary to secure this end will vary itcourding to circum- 
BtanceB. One method is to paint the front surface chequerwise in difTerent 
colours; another to paint it all one colour, and so on. 

Buoys. — The diSiciilties attending the design of a beacon, evident aa 
tliey are in mnnj instances, are not so great as thoae involved i 
of a buoy. Steadiness and erectitude are qualities not eivsily conferred upon 
floating structures, while the same precision in regard to loeality is impossible 
of attainment. Buoya have to be moored to sinkers, and the length of cable 
varies from two to three times the maximum depth, which in itself, in tidal 
Bituations, is susceptible of considerable fluctuation, so that a buoy la capable of 
mobility within a circle of not luconBiderable diameter. This renders buoys un- 
suitable for imparting accurate guidance in regard to alignment. Asagoneml 
rule, their utility is limited to indicating the proximity of shalloi 
immediate neighbourliood. 

The limiting width of chan- — 

nela is indicated, in fact, by two 
lines of buoys, one along each 
boTindary. These are termed 
starboard and port hand buoys, 
according as they lie to the 
right or left of thi 
who is approaching a port from 
seaward. Generally speaking, 
the maximum di 
tween two consecutive buoys, 
ou either hand, is a mile or a 
mile and a half in wide estu- 
aries, and the minimum, per- 
haps 300 yards in narrow 
channels, escUisive, that is, 
of tiirning-jMints. 

National Systems of 

BUOyagfe. — it is Intorustiug 
in this connection to compare 
the practice of this country 
with that of France and Uer- 
many. In English practice 
special stress is laid upon the 
shape of the buoy stnicture ; 

more so than in French practice, where colour is every whit as essential as 
form. Climatic conditions have somethinj; to do with this, for on the English 
the state of the atmosphere is often unfavourable to the ready jnr- 
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oeption of colour at a distance. It is true that coloon may be, and are, used 
in this country as an additional indication, but their use is entirely subeidiaTj 
and may vary locally ; while in France colour takes precedence of shape. 
Shape is not entirely disregarded, but the distinction is confined to a 
surmounting signal, and does not affect the buoy structure as in England. 
German signals differ from lK)th French and English signals. The series 
of diagrams in figs, 223 to 225, have been arranged in juxtaposition so as to 
illustrate the divergencies in type of all three nationalities. 

Trinity House Reg*ulationS.— The following is a transcript of the 
regulations adopted in this country in accordance with the uniform system 
of buoyage approved by ihe General Lighthouse Authorities of the United 
Kingdom : — 

'' 1. The mariner, when approaching the coast, must determine his 
position on the chart, and must note the direction of the main stream 
of flood-tide. 

" 2. The terra Starboard Hand shall denote that side which would 
be on the right hand of the mariner, eitlier going with the main stream 
of flood or entering a harbour, river, or estuary from seaward ; the term 
Port Hand shall denote the left hand of the mariner, under the same 
circumstances. 

"3. Buoys showing the pointed top of a cone above water shall be 
called Conical, and shall always be Starboard Hand buoys, as above 
defined. 

" 4. Buoys showing a flat top above water shall be called Can, and shall 
always be Port Hand buoys, as above defined. 

** 5. Buoys showing a domed top above water shall be called Spherical, 
and shall mark the ends of middle grounds. 

" 6. Buoys having a tall central structure on a broad base shall be callefl 
Pillar buoys, and, like other special buoys, such as Bell buoys. Gas buoys, 
Automatic sounding buoys, etc., etc., shall be placed to mark special positions, 
either on the coast or in the approaches to harbours^ etc. 

" 7. Buoys showing only a mast above water shall be called Spar buoys. 

" 8. Starboard Hand buoys shall always be painted in one colour only. 

"9. Port Hand buoys shall be painted of another characteristic colour, 
either single or parti-colour. 

" 10. Spherical buoys at the ends of middle grounds shall always be 
distinguished by horizontal stripes of white colour. 

''11. Surmounting beacons, such as Stafl* and Globe, etc., shall always 
be painted of one dark colour. 

" 12. Staff and Globe shall only be used on Starboard Hand buoys ; Staff 
and Cage on Port Hand ; Diamonds at the outer ends of middle grounds and 
Triangles at the inner ends. 

" 13. Buoys on the same side of a channel, estuary, or tide way, may be 
distinguished from each other by names, numbers, or letters, and, where 
necessary, by a staff surmounted with the appropriate beacon* 
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" 14. BuojB inteuded for Hoorlng^, etc., may be of shape or colour 
aooording to the discretion of the authority witliiu whose jurisdiution they 
are laid; but for marking submariue tulegraph cables, the colour Bhall be 
green, with the word ' Telegraph ' paiuted tbercoii in while letters. 

" 15. Wreck buoys ill the opeu aea, or in the iipproaohes to a harbour or 
estuary, shall be coloured green, with the word ' Wreck' painted in white 
letters on them. 

" 16. When possible, the buoy shall be laid near to the side of the wreck 
next to mid-channel. 

" 17. When a wreck-marking vessel is nsod, it shall, if possible, have its 
top aides coloured green, with tlie word * Wreck ' in white letters thereon, 
&ud shall exhibit : — 

" By da;/ : Three balls on a yard 20 feet above the sea, two placed vertically 
St one end and one at the other, the single ball being on the side nearest 
to the wreck. 

"By night: Three white lixed lighta similarly arranged, but not the 
ordinary riding light. 

waters or in rivers, harbours, etc., under the jurisdiction 
of local authorities, the same rules may be adopted, or, at discretion, varied 
as follows : — 

" When a wreck-marking vessel is used, she shall carry a crossyard 
on a mast with two balls by day placed horizontally, not less than 6 
nor more than 12 feet ajiart, and two lights by night similarly placed. 
When a barge or open boat only is used, a flag or ball may be shown in 
the daytime, 

"19. The position in which the marking vessel is placed with refer- 
ence to the wreck shall be at the discretion of the local authority having 
jurisdiction." 

DesigTD of Buoys. — The design of a buoy should obviously be such 
that it will always Hoat upright and be subject to the least possible dis- 
turbance of equilibrium in boisterous weather and From drifting ice. Long, 
narrow buoys, constructed on the principle of the angler's float, arc best 
adapted to withstand currents and rough seas, ]>rovided they be not moored 
from the nether apex, in which case, unless heavily weighted, they tend to 
heel over considerably. The mooring is preferably attached by a saddle or 
bridle arrangement at a considerably higher level. Elongated buoya are 
■peoially characteristic of German practice, on account of the great quantities 
of floating ice which obstruct the IWtic Sea and its inSuents during thi^ 
winter season. Broad-bused buoys are suitable for smootli, shallow waters : 
they take the ground satisfactorily in the event of exceptionally receding 
tides. In sheltered positions, flat bottoms with rounded bilges make a good 
arrangement ; in a heavy seaway the rounded l)Ottum is to be preferred, or the 
hollow ctine, as ni Admiral Herbert's design. 

Size of Buoys. — ISuoys are clasailied as Brat- or second-class, according 
jto their sia e. The following table shows the generally accepted dimensions of 
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buoys. There are some few examples which exceed these figures — ^for ii 
on the river Mersey, — but they are of local interest only. 



Buoy Dimeksionb. 



Type. 



First Class. 



Diameter. , Height. 



Conical . 
Can 

Spherical 
Pillar . 



ft 
8 
8 
8 

10 



ft. 

10 
8 
7 

15 



Second Clasa. 


Diameter. 


Height 
ft 


ft 


6 


7i 


6 


8 


6 


5i 


8 


12 



The material used is steel plating about } inch thick. There shooid \ 
two water-tight compartments in each buoy, so that in the event of collil 
with a passing vessel, the risk of foundering may be diminished. Mooi 
chains for first-class buoys are about 1^ inch diameter, and they are att 
to sinkers weighing about 25 cwts. For second-class buoys, the chains 
usually 1 inch diameter, and the sinkers weigh 15 cwts. 

Mooring* Buoys constitute a special class of buoys with functions qi 
outside the sphere of the present chapter. Such brief reference to them 
is necessary is to be found in Chapter VIII. 

Channel Lig*hting« — Having dealt with those features of ci 
demarcation which are available for use in the daytime, we now turn 
attention to means adopted for guidance when such signals are no loi 
naturally visible. Recourse has then to be had to some artificial source 
light. 

Of the value of luminous signals to the mariner there can be no questtcn^^ 
He approaches his destination without reference to day or night, and duriii|i'^ 
the hours of darkness, while in close proximity to land, he is often withoalf ^ 
any other reliable indication of his position, or trustworthy guidance in U| 
course. At the same time, it must be avowed that in many respects artifioiil 
lights, as they exist at present, are far from constituting an ideal system ot. 
localisation. The range of visibility is extremely variable under differeilt 
atmospheric conditions, and in times of dense fog, and even in squally weathei^ 
may become of no appreciable value whatever. Then, again, a very powerful 
light, while serving admirably as a beacon to shipping at a great distance, it 
a source of some perplexity and confusion at close quarters, dazzling tiM 
sight, projecting deep and dark shadows, and obscuring the position of 
objects which lie outside the illuminated zone, and especially those immedi^ 
ately beneath the source of light. Thus, lighthouses which act as landfaU 
or advance lights, giving the mariner timely warning of his approach to the 
coast-line, form a different class from those which are used to indicate 
navigable channels. In the former case, striking brilliance and extenslTe 
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range are matterB of fundnmentiil imporCauoe. In leading and harbour lights, 
a much lower degree of illuminating power ia all that is necessary or desir- 
able. Few channels present anj lengtViy stretch of straight fairwity ; most 
are characterised by sharp liends and intricate windings, necessitating the 
employment of niimerotis lights, which need not have more than a very 
moderate range, say 5 or 6 miles at the outside. 

Only in times of fog and squalls is there any real necessity for a penetrat- 
ing light of high calibre, and under these adventitious circumstances, it is 
possible to bring into action some special reinforcement, and so temporarily 
intensify the normal power of the light. 

Channel lighting is effected by buoys, beacons, lightships, and lighthouses. 
Luminous Buoys.— Buoys are lighted by means of oil or gas. The 
former is most usually petroleum ; the latter almost invariably vaporised 
paraffin. Coal gaa is unsuitable. One of the first necessities of buoyage 
illumination is compact storage of the illiimiuant ; and coal gas, when subjected 
to the pressure which is necessary for tliis purpose, loses a very considerable 
proportion of its illuminating power, and hums with the bluish flame of the 
Bunseu burner. Moreover, it distils a tarry liquid, which obviously causes 
obstruction and inconveuience in pipes and tubes. 

Oil gas is not only free from this defect, but it is also relatively a very 
powerful illuniinant at high pressures. Its oaudle-power, when compressed 
to ISO lbs. per square inch, is from 40 to 45, comparable with 55 to 60 at 
ordinary pressure. 

The difficulty of using petroleum oil as a direct illuniinant lies in the fact 
that, in the course of combustion, wicks become rapidly charred or coated 
with carbon, to such an extent as to obstruct and ultimately arrest the 
capillary attraction necessary for raising the oil from the reservoir to the 
burning point. This means that the light will be eitinguiahed miless there 
be someone at hand to dress the wick. Now constant, to say nothing of 
skilled attention, is impracticable in the case of buoys. They have neces- 
sarily to be left to take care of themselves between certain times of inspection, 
which can only be frequent at the expense of economy ; and whether the 
period be long or abort, there is the same risk of failure of the light. 

In France, carbonised wicks, i.e. wicks specially prepared by a uniform 
deposit of carbon upon them, have been introduced. But these, while satis- 
factory in achieving their special purpose, entail corresponding tlifficultiea of 
another kind. The wicks not only require careful preparation, but they call 
for adjustment of the utmost nicety, and they are used with burners of a very 
complex character. Constant watching is therefore still an essential feature 
of the system, and this fact discounts their use in connection with buoys. 

An English burner, however, known as the Wigrham burner, has been 
contrived to meet the conditions of the case, and the following is a brief 
description of its mode of action. 

In an ordinaiy petroleum lamp, the wick is set perpendicularly to the oil 
reservoir from which it draws its supplies, and there would be considera 
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difficulty ID making such a wick aiilomalically raise itself as combuBtion 
proceeded. Mr Wigbam, tberefore, designed his wick to burn horizantnllj, 
passing it slowly over a Bmall roller, the light being obtained from tbe Hal 
lide instead of from the end or edge. One end of the wick passes up thniugh 
an oil-tight brass tube, receiving ite supply of oil from the main reservoir ' 
by means of feed-holes, and the other end of the wick is brought down 
through another tube solijered or otherwise secured at its lower end, and 
standing above the lerel of the oil in the lamp. A circular float, to which 
this end of the wick is attached, rests upon the surface nf the oil in a copper 
cylinder at the foot of the lamp. The oil in the cylinder is slowly withdrawn, 
drop by drop, through a valve of special construction, and the float, in descend- 
ing with the falling level of the oil, draws the wick in its train, and so causes a 
constant change in the part of tbe latter exposed to the action of the Same. 
The light may thus be arranged to bum without attention for periods of one, 
two, or even three months. The consumption of oil for both illumination and 
automatic working, together, is at the rate of about half a gallon per day of 
twenty-tour hours. 

Turning to the alternate system of vapour lighting, we find that oil gas is 
manufftoturable from shale oil, petroleum, or other oils. Heavy oils generally 
produce a smaller quantity of gas, but of richer quality than light oils. One 
gallon of oil yields from 70 to 90 cubic feet of gas, and the cost of production 
per 1000 cubic feet varies (subject to fluctuations in the price of materiok) 
from 6s. 6d. on a large scale to 10s. on a small one. 

As manufactured on the Pintsch system, tbe gas is produced in two 
Q-shaped cast-iron retorts, arranged one above the other, connected by a double 
mouthpiece and set in a suitable furnace. The furnaces are heated by coal, 
coke, or other fuel, until the retorts have become cherry red. The oil, 
previously stored in a wrought-iron tank, is pumped into a small vessel, or 
cistern, near the furnaces, from which it flows by gravitation in a thin stream 
regulated by a micrometer cock, through a syphon into the upper retort. lu 
order to protect this retort and somewhat retain the oil, a sheet-iron tray is 
inserted, into which the oil drops and is immediately converted into a brownish 
vapour. Passing through the connecting mouthpiece and along the heated 
sides of the lower retort, this vapour is further decomposed and made into 
permanent gas, full of inijiurities. The only outlet of the lower retort is a 
short pipe, called the deacension pipe, through which the gas passes into the 
hydraulic main, depositing hero a certain amount of tar, and thence into a 
circular condenser. Issuing from a small pipe into the large space of 
the condenser, the gas cools down and frees itself from the lighter tarry 
matters. It then passes into the washer, wliere it is forced through about an 
inch of water, and, afterwards, through two or three layers of lime and saw- 
dust in tbe purifier. In small installations, the washer and purifier are 
generally combined in the same apparatus, one above the other. In tbe 



tvasber and purifier the gas is freed from carbonic acid and sulphur, im- 
Kpurities which are not only detrimental to a good gas, affeotiug the illuminating 
■Ixiwer, but which, moreover, form an iii,iurioiia ileposit in the fittings, 
Birgiilators, and burners. The gas, when pure, passes through a meter to be 
registered, and thence to the gasholder. 

The comprcMKors are donhle-actinK puinpa worlted by steam or hand. 




Before the gas|is passed iuto the welded, high -pressure atoreholder, it pasBes 

through a. small vessel and there deposite some hydrocarbon, which is drawn 

off by a small valve. 

I The etoreholder is placet! within the buoy to be lighted, where it is eon- 

■ nect«d with the burner, and supplies it with gas for periods ranging from 

K two to six months, without further attention. 



HARBOUR BNOINRBBINO. 



desirable. Rivettod joiots, however well caulked, tend to leak, especinllj' if 
the gas he compressed at prcBSures over 100 IbB. per sqviare inch. Mild steel 




Flu. 228.— SectioD of Otter Bock Lightship. 

structures, welded throughout, afford the most utisfactory method of ioolosore, 
«, at the same time, less liable to admit water in cue of con- 
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CI' the less, to 



cuasioii. In ccrldin iustanceB, closely rivetted joiiita at 
hiive aiiswerud all requirenjenta. 

Ab regards the method of suspeuding the illuminating ftpparatiis of a buoy, 
it in evident thitt in order to ensure its remainiug upright amid tidal ourreuls 
and storm swells, it should be attached in such a miLuner as to swing freely. 
The principle of attachments of this kind will be csplained more fully in 
connection with lightships. Except for Wigham lamps and in boat-sbaped 
structures, ordinary attachments may, however, be made to serve, 

Llg'htships. — Buoys iire not invulnerable, and it is quite within the boiuids 
of pOHsibility that a luminous buoy may be extinguished from one caune or 
ituolhej', though tlia occurrencB is by no means commoo. Where there are heavy 
seas and stroiig currents, however, lighted buoys are exposed to undue rtaka, 
and aiguals of a mure reliable character are desirable. Lightships are much 
steadier under these conditions : their oscillation is less, and they are not so 
liable to be put out of action. Moreover, they hnve the additional advantages 
of presenting a more conspicuous bulk and a more striking individuality. 

Steadiness is one of the moat essential qualities of a lightship, and the 
attainment of it, so far as such a thing can be realised amid unstable 
surroundings, involves the suppression of synchronism in the [leriods of 
otwillatiun, respectively of the vessel and of the waves. Synchronism is more 
likely to occur trauavoraely under the action of rulling, tlian longitudinally 
mider the action of pitching. In order to avoid it, bnllaal should be located 
at some distance from the centre of gravity of the vessel, so that the moment 
of inertia of the latter about its longitudinal axis may be as great as possible, 
and the metacentric arm reduced to the minimum conaiatent with stability. 
Furtbermure, the steadiness of lightships is promoted hy deep central and 
markedly protruding bilge keels, to all of which ballaat may advantageously 
be affixed. In some of the latest examples of lightshipa, the keeta have a 
depth exceeding 3 feet. 

DiHBHsioKs or RKPSBsENTiiTive LitiuTSBrra ar Various NATtOHALiTias. 



Natioiulity. 


NameorLooility. 


Laogtli. 


Beam. 


Depth. 


Draught 


Height of 
FoMfPI»ne 
above Witter. 






(U 


ft. 


ft. 


FL 


ft 


Bridsh. 




ao 


24 


la 


ei 


30 


Frencli . 




91 






.9 










20 






British . 


O&Biiar PoiDt, IE. 
Hooghlj . . 




28 


12 


BJ 






R. Merwy . 

Sindotti^ 


103i 


211 


11 




30 


Fnnah . 






IBi 




SBi 


British. 


R. Uersty . 

FehriDarbeU . 


118) 




11* 


H 




OBrm»n 


I34i 


Hi 




... 





The dimensions of lightships have materially increased of recent years. 
i length of 60 ur 70 feet used to be considered a maximum, but now several 



boata in the English and French services have lengths of over 100 feet, and 
one boat in the German service haa a length of 134J feet. The depth and 
draught of these vessels manifests a pr«|Jortioiiate increase, hut the beam haK, 
if anything, tended to dimiuisli, or, at least, to remain stationary, as will be 
evident from nn inspection of the accompunying table, which classitiea the 
leading dimensions of certain rcprei^eiitative vessels of all three nationalities. 

Suspension of Floating-lights.— in order to maintain verticality, the 
illumiuatiog apparatus of a lightship ia supported on gimbals. In catoptiio 
lights, the mirror and lamp are suspended in this manner from abo' 
dioptric' api>aratus is generally hung iu the form of a pendulum swing^i 
about a horizontal axis located immediately beneath the lamp. The peadulu?n, 
or rod, is weighted and counter weighted above and below, the weights being 
adjusted iu such a way tbtit the period of oscillation uf the lamp is eousider- 
ably longer tiian that of the vessel, so that the maximum inclination of the 
former may not exceed 5 or 6 degrees. Manifestly, the apparatus must not 
only he sufficiently sensitive to maintain its verticality, but it must also admit 
of free and ready response to change of direction, and this is secured by 
attaching ttie gimbals to a horizoutal circle rotating ou steel balls. In the 
eveut of exceptionally heavy rolling on the part of the vessel, the possibility 
of collision between the pendulum and the lower part of the lantern may be 
guarded against by the provision of a thick annular pad of india-rubber on 
the weighted portion of the latter, or by restricting the swing of the pendulum 
with the aid of check chains and flexible guys. 

Lightship Attendance. — The reliability and automatic continuity of 
the compressed oil gas illuminating apparatus has very largely dune away 
with the necessity for crews ou board lightships. Iu many cases now these 
vessels are unattended, except at long intervals for the purpose of supplying 
fresh gas. This has eilected cousiderable economy in maintenance expenses, 
and extended the scope of utility. 

Tlie liability, however, of all fioatiug objects to displaoement, is the 
inherent weakness of the lightship, as also of the light-buoy. A displaced 
signal is much worse than uoue at all. Beacons and lighthouses, therefore, 
from their very fixity, possess uncontrovertible merits as r^ards accui 
of alignment, and it is usual to rely mainly upon them in ao far 
happen to be available for this purpose. 

Ligrhthouses and Luminous Beacons.— The earliest type of the 

lighthouse was the lighted beacon, usually situated upon a natural eminence 
01' upon a tower. It was au iron-barred grate, or receptacle, for wood aiui 
ooiil, which was ignited at night-time. These signals were, therefore, 
crude aud primitive, and often gave out more smoke than light. MoreoTi 
they lent themselves to easy reproduction and iiuitatiun for illicit ends, 
this form thoy have loug since disappeared into the lumber of the 
Their present development is the harbour light, a lantern attached to 
top of au upright mast, which is used at the entrances of minor purUi. 
' Sm ^i. 36. 
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Tbe lighthouse is a. lall structure, occasionally or vood, but i 
cotnmoDly of stone or irou, rising oft«ntiniea to a uonindenhie height ■ 
the water level. U'hen, however, a Uiitural headl&nd or clitf lends i 
the purpose, the atruclurc is not neceBsarily lofir, and, indeed, for cbsni 
lighting, no gre^it height in essential. The building is usually planned I 
a series of stages or floors, the lauteni containing the illumiuatiug apparatuB 
being locat«d at the suntiiiit. 

The practice of chauiiel lighting, developing tbrDiigh laiuinoua buoys to 
lightships, attaitiB its highest degree of utility and 
perfection In the lighthousi:, Sources of illumina- 
tion for lighthouse use are not only numerically 
and potentially greater than those available for 
buoyage service, but tliey are also of a much 
mori; diverse nature, inchiding electricity, coal gas, 
mineral, vegetable and animal oils, oil gma, and 
iwetylene. The feeble imd ineffective candlt^, 
which maiiitained its footing for at least thirty 
years of the last century, has now entirely dis- 
11 p pea red. Its great modern prototype is the 
L'lectric arc, the crater of which possesses an i 
■■■iii-iio radiance of over 65,000 candle-power ( 
uarc inch of Illuminating b-urface. Great i 
I' iimrkablc, indeed, have been the strides uf Utj 
years in the development of lighthoi 
of light can now be projected far beyond the limitd 
of tlii^ir geographical range. T 
their reflection in the sky before he comes within 
direct visual contact with tUeni. Thia, of coime, 
applies to landfall lights, and not to the class of 
lights which foim the subjective basis of this 
chapter. Channel lighting is achieved perfectly 
satisfactorily with the aid of lights of a far lower calibre. The electric 
light is rarely, if ever, employed for tlils purpose. For general use, the 
nioandesceut petroleum vapour burner Is more convenient and much less 
costly, and its light is sufficiently powerful for all statlous other than 
those of primary and upeoial Importance. The system has, indeed, onU 
been introduced into this country since tbe beglniiiog of tbe present centurj 
but it was adopted in tlie French lighthouse service several years previous!^ 
ami it may now be aald to Imve attained general recognition. Prior i 
this, the wick burner was so prevalent as to be practically universal, ^ther 
flat, as In the eiirller Instances, or cylindrical on the Argaud priiioiple, with 
OS many us siic, eight, or ten wicks arranged In concentric rings. DespiM 
the inferiority of the wick apparatus to the electric arc, Its illumtnatii 
power was a very long way ahead of the feeble glimmer emitted by the clue 
of tallow candles which lit up the summit of Eddystone a century a 
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CHANNKL DEMARCATIOK". 

Tweiitj-four uf tLeae candles uaitedlj giivu a liylii tiiiiivalcut to sixty.Ki 
standard candles.' lu the later Eddyslone of 1882, Dotiglrtss buruare, »itL 
six coLiceutric wicka, attained au aggregate of nearly 80,000 candle-power. 

But the ti'ue at»iidur<l of comparieoii is not so much the gross illumination 
as the intensity per u 
this intrinsie intensity which 
upon a beaiii its penetrative jjower. 
The brigbtneEs uf the flame section of 
the old wick burners ranged up to 70, 
or, at most, 80 candle-power per squure 
inch, acconling to the nuniber of the 
wicka With incandescent mantles 
there is, generally Bi)eaking, 
in intensity of 300 per cent., equiva- 
lent to about 200 to 250 candle-power, 
while at the 
of oil is reduced by nearly one-halt. 




. . n of tbe various llhimmating agents, several u 

adopted or proposed. First, ftnd most genpnl in this country, is the standard candle bam- 
iiig 120 grains of Hpomiaceti per hour. In Fniiofl tba carcel lamp ia tlie unit cliiefly used. 
It burns 42 gramnips of pure Colxa oil pr hour, and is equivaJent to S*8 English candles, 
9-8 French candles, nnd 7 Ger 
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tion is efFected by the direct heaC of the inaatle, ftod for this puipow the 
vapoming chamber, or tube, is plaoed close to and above the mantle. In the 
other class, a separate heater is used for vaporisation. Obviouslj, this entails 
additional apparatus ; but, on the other band, there is leM interference with 
the luminous range of the mantle. In all cases, some temporary source of 




Fia. 2S4.— Froueh Burner. 



heat is required for a preliminary five or ten minutes, until the action of the 
burner becomes automatic. 

Burners of the lirst type incbide the PintSCh burner, the MatthQWS 
burner, and the LuChalN burner, amongst those of Qerman, English, and 
French manufacture respectivelj. 

In the first-named (fig. 231), the oil is forced under compressed air pres- 
sure of 46 lbs. per square inch into a metal chamber located immediate!; 
above the mantle, whence, after vaporisatian, it is conducted downwards to a 
mixing chamber, where it is combined witb air before passing into the bunier. 
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In the Matthews burner (tig. 232), vuporisatidu is effeoted in a brnsa 
lube coiled above the mantle and incloEed in a metal hood. 

lu the Luchaire Imrner (fig. 233), the vaporiBing tube taltes the form 
of the letter U inverted, and nrches the mantle. 

Manifestly, the piping uecesaary to eonvey the oil to and from the source 
of vaporisation obstrncU the rays emanating from certain sections of the mantle. 



_fbCTi J^Iii£ie_ _ 




BuruerH of tiie second type include the ChanCfi burner and the ScOtt 
burner. 

In the Chance burner the dual horizontal vaporising tubes are contained 
in a metiil chamber below the burner proper, and they are heated by a 
flubdidiary burner, deriving its gaseous supply from the product ot vaporisation. 

In tho Seott burner (tig. 236), a series of subsidiary burners, inclosed 
in a metal cover, heat the conducting tube in a vertical position. These 
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subsidiary burners likewise draw their alimentation by means of a bye-pass 
from tlie mixiug chamber. 

The difficulty attaching to the use of incandescent burners is the fragility 
of the mantles. The average life of an ordinary mantle is perhaps six or 
seven days. Yet mantles have been known to last for over thirty days with 
care. The vaporising coils and tubes last from four to six months, and 
require frequent and constant cleaning. 

Acetylene has also been used as an illuminant, but only to a rerj 
limited extent, although the dangers formerly attending its production have 
now been largely overcome by the improved nature of the generating 
cylinders. It is still undesirable to use this illuminant in the highly com- 
pressed liquid condition, from which explosions have resulted. 

Dissolved acetylene, however, is largely used in motor cars, and is now 
being tested by Trinity House. Acetylene in this form certainly gives 
indications of being the coming illuminant for buoys, etc. 

Light Concentration. — ^The source of light being but one of the factors 
in the determination of lighthouse efficiency, we now turn our attention to the 
methods adopteil for the concentration and intensification of the issuing rays. 

The simple, undirected flame is wasteful of light ; that is, much of the light 
is lost to useful purposes. Most lighthouses stand upon the coast-line, and 
the area of radiation, therefore, frequently includes a large sector of land over 
which illumination is entirely unnecessary. Also, apart from this cause, a 
good deal of light is lost by difl^usion and dispersion. 

To rt'medy these defects, reflectors were introduced as far back as the 
latter half of the eighteenth century. At first spherical in form, the mirror 
ultimately became parabolic, concentrating the emergent rays of the light 
from the focus along a path parallel to the horizontal axis. This constitutes 
the catoptric principle. Catoptric reflectors are of two types: first, the 
paraboloid, formed by the generation of a parabola about its own axis, and send- 
ing the light rays in a single direction only ; and secondly, the dual (upper 
and lower) surfaces formed by the horizontal rotation of a parabola round 
a vertical axis through the focus. This system, while ccmfining the light 
within vertical limits, distributes it equally throughout a horizontal plane. 

The dioptric, or lenticular, principle of ray concentration, based on the 
refractive properties of lenses, is due to Augustin Fresnel, who initiated it^ or 
rather, applied it in an elementary form in 1822. As then exemplified, it 
consisted of a plano-convex lens set vertically in front of the light, so that aU 
rays passing through the leiis were transmitted horizontally. To the central 
lens were then added a number of parallel lenses of triangular form, which 
served to refract a certain proportion of the rays passing above and below it. 
The amount of non-utilised light was still considerable. 

Fresnel disposeil his lenses so as to form a cylinder completely inclosing 
the light, which thus illuminated the entire circumference uniformly. 
Stevenson devised a variation known as the holophotal system, by which 
the light was surrounded by a series of panels, each containing a circular 
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MDtral lens with nnnular adjuuct«, the result being a concentration of the 
niya in a corresponding senes of pencils, with intervening sectors of darkness. 
buoh an arrangement lends itself to the production of flash-liglits hj the 





revolution uf ifie] iL'iiti'.'ulur ap^iaratuii around tlie light, the 

being alternated with brief periods of obscurity, either total or partial, 

according ns the Apparatus is holophotal throughout, or combined with a 

, fi»cd light. 
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With the object of Btill further atrengtheiiing the serviceable illumiiutiaii, 
K were placed above and below the lenses ao ae to reflect nuuij of the 




e latter. Tliia conjunction of the reflective and re- 
j the adoption of the term eatadloptPic to distinguish 
eventually replaced by lenticular prisius capable (' 
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effecting the same object, the rays entering the priams beiug entirely reflected 
J of the surfaces, Mirrora behind the light were similarly replaced. 



utilised, 
ngle of Freanel 
s liave, in many 

found in the 
in which holo- 



Altogether, a very high peri'entoge of the total illnmination 
conaequenco of improvementa recently effected, the rertical : 
lenses now readies 80 degrees, !ind the upper and lower prisu 

Tet another applioiition of lens concentration is to b 

Azimuthal Condensing- System of Thomas Stevenaon, 

photes and vertical prisms are employed to concentrate the light in special 
horizontal directions. This is exemplified in the apparatus constructed in 
connection with the Oronsay Lighthouse, where the light, as a leading light, 
is required to be seen along two intersecting axes of unequal length, in the 
one case for a dtatanue of 15 miles, and in the other case for a distance of 
7 miles. The dark or landward sector embraces »ii arc of rather innre 
than 180 degrees, 

A curions and interesting application of ray deflection is to be found at 
Anniah Rook in the Hebrides. The lighthouse is situated on a rook separated 
from the Island of Lewis by a channel 600 feet in width. It contains no 
source of illumination itaelf, but it receives on a mirror a pencil of liyht rays 
from a lighthouse on Lewis. This ray is then deflected by prisms to pase 
onward in the directions required for the purposes of navigation. 

As at present constructed, a modern lenticular panel consists of a central, 
circular, plano-convex lens with annular adjuncts, and upper and lower 
catadioptrical elements. If used for regular flashes, the uptical apparatus 
will not uncommonly be divided into four panels, each comprising a luminous 
angle of 90 degrees ; but the number of panels may be decreased or augmented 
at will. Thns there may be six panels of GO degrees or eight of 45 degrees, 
and so on. Yet it must be borne in mind that with ^m increase in the 
number of panels, there is a correspond ing decrease in the intensity of the 
light, The beam of maximum power is attained by a single panel of about 
160 degrees, with a lenticular mirror behind the light capable of reflecting 
to the focus all rays impinging upon it. Apparatus of this concentration 
calls for very rapid rotation, such as would be incompatible with the old 
system of revolution ou rollers. The required rotation is actually achieved 
by supporting the column of the lenticular apparatus in a bath of mercury, 
which very mate rial I y reduces the friction of move men I. 

The biform, triform, and quadriform arrangements of superimposed lights, 
depending as they do upon the increase in total tllumiciatiuu instead of upon 
the unit intensity, have more or less ceased to be generally utilised. They 
are mainly serviceable in misty weather, the sepaiate burners of which they 
are composed being individually iguitable and extinguishabte at will. 

Rang% of Lig'ht. — The distance penetrable by rays of light varies 
obviously with the transparency and opacity of the iitmosphere. If the 
medium were a vacuum, the range would be proportional to the square root 
of the luminons intensity. This relationship, howeverj cannot be t 



a a medium sucb ns that which envelops the Britieli coasts : often foggy, 

I only occasionally very clear. And as locftlitiea vary in their meteorological 

eiperiencee, do serTioeable 8tandar<l can be devised. The Frenuh have a 

system of denoting the visible range of their lights during two percentages 





of the whole year, vis., 50 per cent, correspondiug to clear weather only, and 
90 per cent, corresponding to the inclusion of moderately misty and variable 
weather. It is difficult to see how euch a system could be successfully 
applied to British pharolo^y, where climatic changes are more frequent and 
much more adveisq. 
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Powerful lights in clear weather may easily exceed their geographical 
range, i.e. the distance at which, owing to the earth's rotundity, they cease 
to reach the eye of the observer. This distance varies with the respective 
heights of the light and of the observer, and also with the degree of latitude. 
The latter affects the radius of curvature (R) ; but, assuming it to be known 
as also the levels (H and //) of the source of light and of the station of ob- 
servation, the limiting distance D is given by the formula 

D = ^•{ VRH+ VR'i) 

where k is a coefficient representing the effect of atmospheric refraction. 

Identification of Light Signals.— For the purpose of identification, 
various characteristics are conferred upon lights. Formerly colours were 
largely relied upon, but the great difference in range of the three chief 
varieties of light, viz., white, red, and green, militates very much againi^t the 
efficiency of the method. Red cannot be seen at half the distance penetrable 
by white light, and green is even less powerful. At a distance of two miles, 
a white light of 3 candle-power is readily discernible, while from 30 to 40 
candle-power would be requisite to bring a red or green light into equal 
prominence. Moreover, there was not much scope for variation with merely 
three alternatives. 

With the introduction of the g^up flashing SyStem, devised by Dr 
Hopkinson in 1875, a new and preferable means of identification came into 
vogue, and its utility has been still further extended by the hitroduction of 
lightning flash-lights under the inspiration of M. Bourdelles. The first 
consists of a definite series of illuminations and eclipses, variable in extent 
and sequence. The latter derives its title from the extreme rapidity of its 
appearance and disappearance, the period of visibility being the minimum 
required for imprinting a distinct visual impression. Further exposure is 
now found to be unnecessary, as it is covered by the persistence of the image 
on the retina. Light rays, accordingly, instead of being uselessly expended 
in emphasising their effect on one pointy may be deflected to another, with 
much more serviceable results. The principle, in fact, is that of a highly 
concentrated beam rotating rapidly and reappearing at intervals of a few 
seconds. The duration of the flash, though short, is ample for recognition, 
and its frequent appearance, besides affording greater scope for character- 
isation, enables the mariner to verify his position with greater assurance than 
was feasible with an arrangement of slowly moving lights It was not 
impossible, of course, to provide a considerable number of flashes under the 
system of rotation on rollers, but it could only be done by increasing the 
number of lens panels at the expense of luminous power ; whereas, by the 
introduction of the mercury seating, a much greater rotary velocity may be 
imparted to the apparatus, with less effort and friction. In some cases of 
older lenticular apparatus, the number of panels was as high as twenty-four. 
The diffusion of light, therefore, was very great, and the beams suffered 
correspondingly in intensity and penetration. 
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The minimum duration of a visible flash hu been determined by 
laboratory experiments as one-tenth of a second ; but under oonditions obtain- 
iug in marine navigation, the period will be increased to, at least, one-third of 
a second for white lights and very much more for coloured lights. If the 
duration were restricted to its exact experimental limit, it is quite conoeirable, 
and even likely, that the occurrence of a flash might escape detection by those 
on board a vessel rolling in a heavy sea. The flash might also be eclipsed by 
any intervening vessel. 

Flashes are either uniformly regular or arranged in groups of two, three, 




Fjo. 21s. — Ball-buoy. 

or more. The interval between successive flashes need not exceed — and, 
indeed, will be preferably limited to — five seconds, so as to afford frequent' 
opportunities for observation. In grouped flashes, eclipses uf 2^ to 4 seconds 
are common. Certain lighthouses signal a definite number, as, for example, 
that at Minot's Ledge, U.S.A., which constantly repeats the figures 143 in a 
series of flashes sepatsted from each other in the same group by an interval 
of 2 seconds, the groups being separated by an interval of 3 ssconds, and 
the entire signal followed by an eclipse of 16 seconds. The whole period 
covers 30 seconds, which is the time of a single revolntton of the apparatus. 

Sound Signals. — Lighting, while etfective enough as a guiding agency 
in darkness, is practically useless in fog, and reliance has then to be pUced 
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upon sound as a waniiiig 
medium. This is accom- 
plished ID various ways, 
principall; bj foghorns and 
syrens on the shore, and hy 
bell - buoys and whiattiiig 
buoys on the water. Uf 
foghorns, it need simply 
be Bud that they consist 
of a brass trumpet through 
which a strong blast of 
compressed air or steam is 
expelled at delinite intcr- 
Tals. They are raucoiis and 
unmusical in the extreme. 
The syren gives out a nutc 
of high frequeucy due to 
the impulsion of air or 
steam through a series of 
holes in a rapidly revolving 
disc. 

Of bell-buoys there 
ore several different ar- 
rangements. A fixed bell 
may be struck by peudant 
clappers, or by a set of balls 
rolling freely in horizontal 
grooves or cylinders. 
When tlie water is sniootli, 
as is commonly the case iu 
foggy weather, neither of 
these appliances can be 
counted upon to emit sig- 
nals, dependiug as they do 
upon the swaying action of 
waves. In that event, an 
automatic lever apparatus, 
worked by the agency of 
gas, as in the Fintach 
system, has been found use- 
ful. The gas forces up a 
diaphragm until it works a 
lever which closes the inlet 
valve and opens the outlet, 
tumultaneously actuating 
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another lever, which, in conjunction with a strong spring, impels the hammer 
against the rim of the bell. 

Whistling* buoys are actuated by the rise and fall of the booj in a 
swell. In the Courtenaj type, air is drawn into a long central tube during 
the period of rising. The entrance is controlled by a valve^ and when the 
buoy descends the imprisoned air is expelled through the whistle, emitdng a 
penetrating sound of no particular musical value. Whistling buoyB are beet 
adapted to fairly deep water where there is an almost constant swelL 

Sound, however, in air is but an imperfect medium for the notifioation of 
danger. It gives no reliable indication, and indeed often oonveys a very 
misleading impression as to locality. Zones of silence are found to lie within 
the sonorous area.^ Yet, until fogs are dissipable by human agency, it is difficult 
to see what other means could be universally substituted ; and, certainly, it 
is reliable in so far as it signifies the imminence of danger, though in many 
cases the exact location of the warning is a matter of conjecture. 

Subaqueous Signals* — In water, the sense of direction is more determin- 
able, though, even then, with approximation merely. A system of submarine 
signalling through the agency of a bell struck by a clapper at depths varying 
from 10 feet to 30 feet below the surface of the water, has recently been 
promoted by the Boston (U.S.A.) Submarine Signalling Company. The sound 
is transmitted through the water to a receiver fixed in the ship's bottom, and 
thence to a megaphone, with results which have been considered very satis- 
factory so long as the instrument is immersed to depths of not less than 
10 feet and preferably of about 25 feet. The distance traversed has reached 
8, 10, and even 15 miles. By turning the ship in various directions, the 
quarter from which the sound emanates can be easily determined as the 
sound waves only affect the receiver when it faces the direction from which 
they come. There is manifestly much scope for the development of this 
principle of sound transmission. Tlie chief difficulty hitherto has been that 
of ensuring a constant and regular striking of the warning bell without the 
necessity for human attendance. The discovery of some convenient automatic 
action which is at once simple and reliable should lead to the general 
adoption of a system which is much more effective than that of the trans- 
mission of sound in air.^ 

^ In some interesting experiments carried out off the Isle of Wight, fog sound-signals 
could not be heard at all at 2 miles from the coast, although they were distinctly audible 
10 miles out and were heard again at half a mile from laud. 

* At present there are three systems in vogue: viz., (1) Bells suspended from light- 
ships and struck by the agency of compressed air controlled by a code-ringing device in the 
engine room ; (2) Bells supported by buoys and worked by the aid of discs, acting on th 

Principle of a sea anchor, so that the difference in movement between disc and buoy opera' 
elicate mechanism ; and (3) Bells supported on tripods resting on the sea floor, and navi 
electrical communication with a shore station. 
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Alexander the Great, 8. 
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Algiers Breakwater, 144. 
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Ancient sea routes, 2. 
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Basin, 11. 

Beach, spending, 200. 
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Beaufort scale for wind, 21. 
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Beech, 65. 
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Beriin*s formula, 118. 
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Breakwater, 180. 
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Bond, sloping, 169. 
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Dover, 185. 
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Bremen, 5, 16. 
Briquettes, cement, 104. 
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Buoy, gas, 259. 
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design of, 255. 
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luminous, 257. 
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Pintsch, 265. 

Matthews, 265. 
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French, 266. 

Soott, 267. 

Ohonoe^ 267. 
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Caisson, system of breakwater coustniction, 

158. 
Calais, 24. 
Cantharos, 3. 
Carthage, Harbour of, 3. 
Catadioptric })rinciple, 270. 
Catoptric principle, 268. 
Ceara Haroour, 24. 
Cement, Portland, 99 103. 

Roman, 99. 
Centroid of buoyancy area, 215. 
Cephisus, river, 3. 
Cette Breakwater, 179. 
Chain, sounding, 44. 
Chance burner, 267. 
Channel demarcation, 250. 

signals, 252. 

lighting, 256. 
Channels, entrance, 222. 

blind, 2-25. 

variable, 225. 

fixed, 225. 
Charging drill-holes, 90. 
Cheddite, 94. 
Chelura terebrans, 66. 
Chenoweth pile, 74. 
Chlorate of potash, 94. 
Christchurch Harbour, 25. 
Cinque Ports, 4. 
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Classification of harbours, 9. 
Coastal change, 21. 
Concrete, 97. 

reinforced, 76. 
Construction, breakwater, 149. 
Core-bit, 88. 
Core-lifter, 89. 
Corinth, harbour at, 3. 
Cork, Harbour of, 16. 
Cost of construction of breakwaters, 133. 
Cost of maintenance of breakwaters, 134. 
Cramps, metal, 169. 
Creosote, 68. 
Crib breakwatei-8, 170. 
Currents, 16, 21, 23, 26, 51, 61. 

Da.nish Island harbours, 41. 
Decay of timber, 67. 
Definitions, 9. 
Deflection of waves, 118. 
Denudation, coastal, 21. 
Depths of harbours, 14, 17. 
Design, procedure in, 19, 
Destruction of timber, 65. 
Detonator, 91. 
Dioptric principle, 268. 
Dipper dredger, 236. 
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Divers, 57. 
Diving, 54. 

beU, 54. 

dress, 55, 56. 

apparatus, care of, 58. 
Dock, 11. 
Dolly, 71. 

Douglas (I.O.M.) Pier, 133. 
Dover, 4, 27. 
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Dovetailing, 168. 

Dowel, 167. 

Draught of ships, 14. 

Dredgers, mechanical, 235. 

Dredging, 26, 284. 

Dress, diving, 55, 56. 

Drift, litter^, 28. 

Drilling, 87. 

Dry rot, 67. 

Dues d*Albe, 200. 

Dungeness, accretion at, 21. 

Dunkirk, 25. 

Dynamical value of wave action, 121 

Dynamite, 93. 

Dynamometer, Stevenson's, 124. 

Bailey's, 124. 

Gaillard's, 125. 

Eddtstone Lighthouse, 264. 

Efficiency of breakwaters, 185. 

Egyptian harbour, 3. 

Elm, 65. 

End-on system of breakwater construction. 

157. 
Entrances, harbour, 13, 16, 17, 26. 

Fascine work, 171, 232. 

Ferro-conorete, 78. 

Fetch, 116. 

Fir, 65. 

Firing, 91. 

Fishery harbours, 6, 12, 17. 

Fish^ard Breakwater, 94. 

Fishing boats, 18. 

Floating lights, suspension of, 262. 

Floats, 51. 

Forcite, 98. 

Formula, Bertin's, 118. 

Gordon's, 82. 

Stevenson's, 28, 117. 
Formulse for piled foundations, 81. 
Foundations, breakwater, 160. 

settlement in, 161. 

pier, 162. 

limiting loads, 168. 

surface treatment of, 164. 
French burner, 266. 
Friestedt piles, 71. 
Fuse, 91. 

Galvanising, 71. 
Gelatine, blasting, 93. 

dynamite, 93. 
Gelignite, 93. 
Genoa Breakwater, 129, 180. 

Harbour of, 127. 

storm at, 126. 
Glasgow, 16. 
Goliath, 158. 
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Grab, 286. 
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Greenheart, 62. 
Grinding of cement) 103. 
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New York, Harbour of, 16. 

pileii foundation to quay, 78. 

pile toats, 79. 
New York entrance channels, 248. 
Nitrated cellulose, 94. 
Nitro-glycerine, 98. 
Northern Lights, Commission of, 251. 

Oak, 64. 

Olwervations, taking current, 52. 

OroKtm pine. 65. 

Oronsav Lignthouso, 271. 
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Tort of, 9. 
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Paint, 67. 71. 
IHiralMUo curve, 218. 
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harbimni, 8. 
Pht>taiiuiir, 65. 
Phtliu liaHyhMt 66. 
IMano blookwork, 168. 
IMerheads, 187. 

form of, 188. 
l^le-d riving appliances, 71, 76. 
Piling, 60. 

IMUau. pierht^ads at, 191. 
inne. 65. 
IhnUoh lighting system, 268. 

burner, 265. 
Pir»us, harltour of Athens, 8. 
Pirrle, liord, on stat^^ aid for harbours, 6. 
IMtohpine, 66. 
IMums t>r ilisplacers, 108. 
Plvmouth Breakwater, 118. 
IMle, sounding, 45. 
Pt»n toons, 201. 

(Hiuilibrium of, 202. 
IMrtiand Hrt^kwator, 112. 

Ilarluiar, 11. 
|\)rU, C'inquo, 4. 

river, 16. 

oaual, 16. 
IWtaniouth, piling at, 81 . 
IVeaarvation of timl»er. 67. 
i^lwvfinUon of corrosion, 7 1 . 
INimpi *ir» for di\ing, 57. 
|hir|M»he«rt, 68. 

tVAMTINu, 86. 

Wi^lM. 

jmwUflt"""" Harbour, 10, 16. 
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Rhine, river regulation works, 246. 

Rhodes, harbour at, 8. 

Richmond river (N.S. W.) entranoe, 243. 

Rio de Janeiro, 16. 

Roadstead, 9. 

Rock-cutting, 286. 

Roman harl^ura, 4. 

Romney, 4. 

Rosslare, 24. 

Rot, dry and wet, 67. 

Rotary drills, 88. 

Rotterdam, 16. 

Routes, ancient aea, 2. 

Rye, 4. 

St Petersburc;, 18. 

Salamis, harbour ut, 8. 

Salina Cruz, Harbour of, 2>. 

San Francisco, 16. 

Sandwich, 4. 

Sandy Bay Breakwater, 14o. 

Sandy Bay (U.S.A.) Harlwur, 13. 

Scipio at Carthage, 3. 

Scott burner, 267. 

Screw piles, 70. 

Seafora, 4. 

Seam-firing, 92. 

Sea routes, ancient, 2. 

tem|>erature, influence of on setting of 
concrete, 101. 

wave, 112. 

water on conorete, effect of, 99. 
Seine, river regulation works, 227. 
Sextants, use of, 62. 
Sheathing, 69. 
Sheeting piles, 61. 
Sidon, Port and Harbour of, 3. 
Sisals, channel, 252. 
Slipways, 199. 
Sloping bond, 169. 
Sluicing, 237. 
Snogeb^k Harbour, 41. 
Sound signals, 276. 
Soundings, 43. 
Southiiort, accretion at, 21 . 
Specihcation for concrete, 102. 

cement, standard, lo2. 
Spits, formation of, 25. 
Stability of breakwaters, 136. 
Staging, Holyhead Breakwater, 152, 153, 155. 
Staging system of breakwater construction, 

151. 156. 
Stairways, 199. 
State subvention, 6. 
Station -pointer, 53. 
Steol piles, 70. 
Stt»i»s, 199. 
Stone, 84. 

quality of, 84. 

hardness of, 85. 

weight and strength of, 86. 

obtainment of, 86. 
Storm at Genoa, 126. 

Bilbao, 132. 
Stresses in wall breakwaters. 137. 
Stringy l«rk, 68. 
Subvention, state, 6. 
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Suction dredger, 287. 
SonderUnd Harbour, 11. 
Sunderland, pierhead at, 191. 
Sur, town of, 8. 
Surveying, marine, 43. 
Suspension of floating lights, 262. 
Sustaining |K>wcr of piles, 77. 
Sutclirt'e's sounding ap|>aratus, 45. 
Sydney, 16. 
Syracuse, harbour at, 3. 

Tampico Harbour tminiii^ works, 239. 

Tamping, 91. 

Tanai 'vitalis, 67. 

l^ir, 68. 

Teak, 64. 

Teredo iiavaliSf 65. 

TermeSt 67. 

Tidal diagram, 22. 

regime, influence of, 2*22. 
Tide gauge, 49. 
Timber, destruction of, 65. 

decay of, 67. 

preservation of, 67. 

piles, 61. 
Titan, 157. 
Tonite, 94. 

Toulon, pierhead ut, 190. 
Trade, Board of : grants to harbours, 7. 
Training walls, examples of, 249. 

works, river, 230. 
Trawlers, 18. 
Trinity House, 251. 

buoyage regulations, 254. 
Tynemouth Breakwater, 147, 168, 17*2. 
Tyre, Port and Harbour of, 3. 

Yerdiorih, 68. 



Wall breakwaters, 132, 137. 

Walls, river training, 231. 

Water jet, 77. 

Wave, sea, 112. 

Wave action, dynamical value of, 121. 

examples of, 126. 
Wave stroke, measurement of, 1 23. 
Wave-traps, 233. 
Waves, form of, 113. 

height of, 115. 

length of, 118. 

breaking, 119. 
Wedging, 92. 
Weser Lighthouse, 264. 

river regulation works, 238. 
Westport (N.Z.), harlxmr wave basin, 

241. 
Wet rot, 67. 
Whitby Harbour. 37. 
Wigham burner, 257. 
Williams* pile, 74. 
Winchelsea, 4. 
Wind, Beaufort scale for, 21. 

diagrams, 19, 20. 

prevailing, 20. 
Wreck buoys, 255. 
Wrought iron piles, 70. 



Ymuiden Breakwater, 121. 



Xylophaga, 66. 



/iEA, 3. 

Zeebrugge, mole at, 1 75. 
Harbour, 9, 15, 24. 
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BOILERS, MARINE AND LAND: 
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VALVES AND VALVE - GEARING : 

A Practical Text-book for the use of Engineen, Draughtameri. and Studenta. 
Bv CHARLES HURST, Practical Dbauqutsman. 
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ntB on Stsam Engine DeelKn and Comtruotlon. By Coaklm 

Hurst, "Author of Valves »nd Valye Gearing." Second Esitioh, 
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A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Practical Text-Book for the Use of Eng-ine Builders, 
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En^neers, and Students. 

By WIUJAM FRiNK PETTIGREW. M.lNbT.CE. 

With a SeotiOD on American and ContiDentol Enginea. 
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l^Le I>iijiil7-M»n»«ar, Nonh-WMleni ftollwsj', India. 
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It.: UAio.— Oeaen] ArmogomsDU — Clutehei. — Tniwmlulon. — I>lffer«iUBl Oeui. — 

— Springi. — Budlui Bodi. — Enikei. — Wheeli. — Fnunes. — 

T. — Stoni, UudoiunU. Bonnets, *c.— Ln'~'— "'— """ 

. . nol SafetT.— CnlflUlmtlon* of Streun.— SpM 

Oeu*.— Spsolil Can.—Commervlal Vehlelei Baciug Ciin.-InDRX. 



Reaut ImmemaTklv. In Large Svo, HaJidaoine Uloth. Very Fully 
Illustrated by Platea and DiagraltiB. 
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FBOFESSOB JAUIESOH'S ADVANCED TEXT-BOOKS. 

/« Largt Cimrm 8iw. Fuilji /Huftra/id, 

STEAM AND STEAM-ENGINES. INCLUDING TURBINES 

AND BOILERS. For ihc Use of Engbects and for Slodcnts prepaiine 
foi Eiaminauoiu. Wilb Soo pp., dtci 400 Illusirations, 1 1 PIbIcs, many 
li. oft:., C. and G.. yueslioQS and Answers, and all Inst. C.E. Exams, 
on riiary of Heat Eii^inu. FifTERNTH EDITION, Revised. los. 6d. 
"Tbe Best Bqoic vol publiaheii forlhc use of Siud«n»."^£Hfmirr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including AH the Insl. C.E. £-ramj. in (I) Applied Mechuiics; 
(3) StiEDgth and Elasticity of Malerials; (3a) Theory of Sttuctuies j 
(ii) Theory of Machines; Hydraulics. AlsoB.ofE.; C.and G. Questions. 
VoL 1. — Comprising 568 pages, 300 IllustniCioits, und Questioni ! 
Part I., The Principle of Work and iu Applicatiom: Put II.: Friction. 
Lubriotlion of Bearings, &c ; DiHerent kinds of Gearing and thell Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. fid. 
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VnL II. — Comprising Paiti III. to VI., with over Soo pages, 371 Illiu- 
trations; Molion and Enei^, Theory of Structures or Graphic Statics; 
SlTCi^tb and Elasticity of Materials ; Hydraulics and Hydnnlie 
Machinery. FtKTU Edition. las. 6d. 
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bi Edition, Revised and Enlarged. 3/6- 



MAGNETISM AND ELECTRICITY (Practical Elementapy 

Manual of). For First -Year Students. Wiih Stud Inst.C. E. and B. of E. 
Evam. Questions. Sevbnth EoiTtOS, Revised and Enlarged. 3/6, 
■' A VHOnouoHLV rBt'lriKl.TH. T«i-boolL Pmctical and dau."— A'alim. 

APPLIED MECHANICS (Elementary Manual of). 

For Finl-Year Stadenu. With B. of E., C.and G. ; and Stud. Inst. C.E. 
Questions. Seventh Edition, Revised and Greatly Enlarged. JrtS, 



A POCKET-BOOK Of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. Bv JOHN MUNEO, C.E.. 
and Prof. Jamieso.n. Pocket Siie. Leather, Ss. 6d. EigHtBBNTU 
Edition. (See p. 48 Gineral Catalegut. 
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WOMS BY W. J. MiCdDOM MUKIIIE, LL.D., F.li.S. 

ThopouKhly Revised by W. J. MILLAR. C.B. 



A MANUAL OF APPLIED HECHANICS : Comprising the 
Prtuclples of Statici uid Ciaematica, and Theory ol Structnrei, 
Meuhuiiani, aad MacbincH. With Nnmeroiu Dikgruna. Crown 8vo, 
Ulotb. Seventeenth Editiun. 12s. 6d. 

A MANUAL OF CIVIL ENGINEERING : Compnsing Eogin- 

eenn^ Surreyi, Iil»rthwDrk, Foimdfttiona, MaM>iU7, Carpentr;, MeCal 
Work, Kouia, Railwajrs, C^aU, Rivera, Wtterwocks, Hubaiin, ko. 
With Numerooi Table* and IlluatrAtioDS. Crown Svo, Cloth. 

TWKNTV-TllIRD EdITTON. 18b. 

A MANUAL OF MACHINERY AND ffllLLWORK: Com- 

priiing the Geometry, Motioog, Work, Strengtii, ConatniatioD, asd 
Objects of Maohiaeb, &o. With neariy 300 lUustratiooa. Crown 
Svo, Cloth. Seventh EDrnon, I2». 6il. 

A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Qia, Oil, and Are 
Enoinks, by BftiAH Donsin, M.Ioat.C.B. With Folding PlatM 
and NameroQB Illuatrations. Crown 8to, Cloth. SixtientH 
Edition 12b. 6d. 

USEFUL RULES AND TABLES: For Architects, Builders, 

Eogioeera, Founden, Mechanic*, Shipbuilders, Snrveyore, ko. With 
Affb.vdix for the nse of Elrotkioai. Enoihms?. By Profeuor 
JjTuiEsoN, M.Inat.iJ.E., M.I.E.E. Skvkhth Edition, 10b. Sd. 



A MECHANICAL TEXT -BOOK: A Practicul and Simple 
IntrodnctioD to the Stndy of Meohanioi. By Profattior Rikeiitb 
and E. P. Bahbkk, C.E. With Nnmeroiu Itlustrationi. Crown 
Svo, Cloth. Firra Editiok. 9>. 



MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 
titiR, Elasticity, oQd Expansion of Vapours, Liquida, and SoUda. 
Part II. Energy and itg Xraiufoi-mationa. Part lU. Wave-Formi, 
FropuUion of VoBieU, to. With Memoir by Profeuor Tait, M.A. 
With liDO Portrait On Steel, Plates, and Uiagranu. Roynl Svo. 
Cloth. 3l8. Gd. 
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PUMPING MACHINERY 
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By HENET DAVEY, 
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vHI find brought (ognher and readf to 



^liewhcR. "—SUamtki^. 



at of nrhkh be wooU 



VOHDON : CHARLES QRIFFIN & CO.. LIMITED, EXETER STREET, STRAND, 



38 <JBABLB8 ORIFFIN * OO.'B PUBLWATIQSB. 

WOBES BY THOMAS WALTON, 

NAVAL iRCHITBCT. 

Third Edition. lUoMraicd with Plates, Numerous Diagrams, sod 
Figaies in the Teit. iSs, nel, 

STEEL SHI PS: 

THEIR CONSTBUCTION AND MAINTENANCB. 

A Uanual for Shipbuilders, Ship Superintendenta, Studenta, 

and Marine Engineers. 

Bv THOMAS WALTON, Naval Architect, 

OoxTHtrm—l. Manufacture of Cast Iron, Wrought Iron, and Stael— Com- 
podtion of Iron and Steel, QuaUty, atrangth, Terti, 4o. II. Claggificattcin of 
SteelShipB. III. ConEiderationainiiuidiigchaiceof'IVpeafTeBHL— Fiaming 
of Ships. rV. Straitia experieaced bj SM^.— Methodg of CompQtiDg and 
Comparing dtreu^bi of Sbim. V. Cuontruatioii of ShitM. — AIt«raative Mod«t 
of tSinjtrnction.— Types of Vessels.— Turret, Sell Trimming, and Trunk 

.__.___jT..__„.__ -^r^, ^=_ ,.. «-Ti,piag Arrange- 

a the Halli of 



. __, Maintenauce. — Prerention of Di 

Shipa.— Cement, Paint. ftc — lNDBX. 

anjotinem MbeLogworthyorMooBlicraaJ " ■ 






At Pkess. Id Handsome Clotb. Very fully Illu»lrat«d, 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officera, and Engineers. 
B* THOS. WALTON. 



ir of "Know 



Ship." 



GbnekjU. CosTENTB.—CLu8ific&tiDn. —Materials used in Shipbnilding. — 
Alternative Modea of Construction.— Do taik of ConitmctioD. — Framing, 
Plating. Rivetting, Stem Framo, Twin-Screw Arrangements, Water 
Ballast Arrangemenla, Loading and Discharging Gear, &c, — Typei of 
Vessela, including Atlantic Liners, Cargo Steamers, Oil carrying S' 
Turret and other :jelf Trimming Steamers, &c.~lMD>X. 
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KNOW YOUR OWN SHIP. 

Bv THOMAS WALTON, Naval Architect. 
Specially arranged to suit the requirements of Ships' Officers. Shipowners 
Suoerintendente, Draughtsmen, Engineers, and Others, 
COWTSIITS, — Diiplscoraeot and DcadHrfght, — Momonli. — BuoyiuieT. — attain. — 
BCrustnm. — StabUity.— Rolling. — BaJlutlnir. — LoadluK.— .'Shifting Cargoes.— Effect n( 
Admlsilon ot Wstorlnto Ship.— Trim '^mna— " — ■• — ■ ■•—■' ""' '■-'—-" — 
Bet at Caieulntlunt trnm Actanl Dmwliiga.— 
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GRIFFIN'S NAUTICAL SERIES. 

Edited bt EDW. BLACKMORE, 

UuUr MirtDn, ?lnt CUu Triolty Huiue CarLlBcat€, Auoc Inil. N.A. : 
Ann Writteb, haiiilT, by BtiLosa lor Sulohs. 
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"8rRBT Sail- ihould h 



The British Mercantile Marine : An HiBtorioii Sketch of its Rias 

ud Development, Ey the Bi'lTOR. Capt. Buouiore. Si. M. 

"Cupuiulllacfciaoreiai'I.KHIiIB BOOK . . . contnini pir«gr»ph» ou eisry polnl 

ollnterMt to Um Morchmit Miirtoe. The 213 pnga ' "■"'" """"' " ....... 
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— JJmAant Strvia R 



Biementary Seamanship. By D. Wil 



k-Barker, MuC«t Mariner, 

I In CoJoon, Kud FroaUiidBO*- 
FouKTH EuiTiOH, TlioiT.u|;hlf KeiUed. Wit& liddltloul lUmtntlODi. 6*. 
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ioa of the Stability, Con- 



Know Your Own Ship 



Havleation : Theoretical and Practical. By D. Wilson-Babkir 

udWiLMAM Alluiuhaii. Bkcond Emtion, KsTiHd. Si. 5d. 
FKKOISILI the Und ol noik requited lot tb« Ne» CanlflOAti 
■ " — .Dund^ AdwTtitoT. 
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Latitude and Lon^tude : How to find them. By w. J. Mili.ab, 

" Cuinot but proro ui icqutiiUon to tho« iludying Nailniition,"— Jdtriiw Sneinwr. 



Practical Heebanlcs: 

By TU09. UAOEBUZia. Uut 

" Well worth Cbu mouey . 



tbe reqairemeDti of the SaOor 

:.A.S. Seoomd EciTioir, KetlaeiL Bi. U 

t.l.rrat^"—3kippins World. 



Practical Alrebra. By Rich. < 

■boye, lor Salfon and oUien. Secunl 



CampauioD Volu 
leiiud. Price tu. ed. 
ol prugreD, "^JVauHU 



The Leeal Duties or Stiipmasters. By Beneuict Wu. Oinsbium, 

U.A..li..D., oCthe Inner Temple and Kanheru Circuit: Bunrlilet-at-Liw. BEOOICD 

EstTION, Tburoughly Reilicd imd EnUrged. Fries li, Bd. 

"iNVALDtBLE to mutan. . . , We can Fully recummend It."— Stippjiv 6<uelt«. 
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GHABLES QRlFFiy '* CO.'S POBUVATIOilS. 



GRIFFIN'S NAUTICAL SERIES . 

Introductory Volume. Price St. 8d. 

THE 

British Mercantile Marine. 

Et EDWARD BLACKMORE. 



UmRAL CoHTBHTS.— HiSToBicu. : From Eui; Times to 1486— Pkctmi 
auder Henry VIII.— To Death of Mary— During ElUabetli'B Reign— Up to 
thB Reign of William III.— The 18th and 19th Centuries— liutitiitiaB ol 
Ezamiiuttioiu — IUh uid ProgrnB of Steam Propulaiou — Deretopmeot of 
Free Trade— Shipiiing LegiHlation, 1862 to 1876— " Lodtrfey HaU" Cms- 
Shipmasters' Societiea- Loading of Ship*— Shipping Legiilation. 1884 to 18M— 
StatiatdcB of Shipping^ The Fbrbonnel; Shipowners- Offlcen— HBrin«n— 
Dutiea and Fresent Position. Euvoation : A Seaman's Edncation: what it 
■honld be — Preaent Mean* of Ednoatian— Hints. Disciplihi akd Ddtt — 
Postscript — The Serious Decrease in tbe Number of BritiBh Seamen, a Matter 
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" Kvuir sKtBOH I 



. T»n wlUi oselDl iDfon 



HA^XTOJI 



ELEMENTARY SEAMANSHIP. 



O. WILSON-BARKER, Mastbr Mai 
With Frontis piece, Num 



, P.R.G.S.,4o.,*o. 
d ninateatloiia 



Anohors — Saitmalung — The Sails, &c — Ilaodling of Boats nnderf 
i.= — 1 J cf — ,i._. n..,. _i .1 r,._j .- ._=_.. _|jj Itoliorir " *"" 

»r those "ho are lo basamo ^fBcer.! 
orsomplauLlilofaiiirnii'sNiiTTTOi 
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NADTIOAL WORKS. 41 

ORIFFIN S NAtTTICAL SERIES. 

Second Edition, Sevised and lUuttrated. Priea St. 6d. 

NAVIGATION: 

PR&CXICJLX. ASfD TJaSOXCEXXCAX.. 

By DAVID WILSON-BARKER, R.N.R., F.R.S.K, Ac, JiO., 

WILLIAM ALLINGHAM, 



XKHItb llunietoud Jlluetratlone and Biaminatlon iIlueattonB. 

QamaAL CoHiEN'ra.— Dednitiaiu!— Lktitude and Longitniie — InatnuDenla 
ol Navigstdon— Correction of Couraee— PUne Sailing— Traverae Sailing— Day^ 
Work — Parallel SaUing — Middle Latjtnde Sailiiig - Mercatot'a Chart— 
Mercator Sailing— OuTTeut Sailing — Pu«itiuD by BearingB— Great Circle Sailing 
— The Tidea- QnetrtdonB — Appenifii ; Compaaa Error — Namerona Uaefol Hinti. 
Ac — ludti. 

" PumsiLi lbs kind ol work nqnlrBd (or the N«i> Ognlflouei or oompeMDcr In gradM 
from 8ecDad Mi-ie m eim Murer, . , , Cjmdld&LeH wlU find li ihtaliubla."— Z^MiAi 

"A OAPIHL UTTLl BOOK , , . JpBOl«llj idiplSd 10 thB 
AqlhOrt »rt 0«PT. WIISOH-BIMHB (CipUiln-anperinWndenI al Ul 



Handsome Ololh. Fully lUtislrated. Price It. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THB MEECHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Autlior of " Navigation, Thoorctlcil unci Pruetlcal." 

Platei, Maps. DiagramB, and IltuatratioDa, aad a laoaimlla 
" ' ictnal Meteorological Ixig-Book. 

BUMMABT OP CONTENTS. 

iBIKODtrOTont,— InitrnnienM Uied it Sea (or Meleorolnglciil FurpOHi.— UaUoro- 

logloal Lcg-Booki Aunoaplierla Freuare.— Air Temperacuiei.— S«> IftinperaCurei.^ 

Wbdi.— Wind Font Scalu.— Hlilaty ol tbe Law ol Stormi.— Harricaaei, Seuoni, ud 

BlORB Tr«ok«.— atrtullon ol the Cyclone Pmbiem.— OcB»n Curranti.— loebem Sju. 

ehnniaoi Charta.— Daw, IlliU, Fogi, and Hau,— Clonili.— Rain, Bnoir, and Hall.- 
(Bnge, Ralubmn, Coroou, Halo), and IfetsDrs.- LlgbCDlug, Corpoganu, and Anroru.— 
QoBariDM.- trmcitDC. — Iiidkk. 
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SuooHD Editiun, Kevir£1). Witb NnmerouB 111 uet ration ■. Price 3*. Gd. 

Practical Mechanics: 

Applied to the Kequirements of the Sailor. 

By THOS. MACKENZIE, 

itaiirr J/artMT. r.B.A.a. 

GlHBlul. CoNT Ears.— Resolution uid ConipoutioD ol Forces— Woric done 
b; Macbinea and Living Agents — The Mectuuiioal Powers: The LeTer; 
DoTicki u Bent Levera-The Wheel tmd Axle : WindlaM ; Ship'e Cuirtui ; 
Cr>b Winch-TocklBs : the -Qid Mu"— The luclioed Plue ; the Screw— 
The Centre of Grarity oE a, Siup uid Coi^o — ReUttiv* -StreUKth of Hope : 
Steel Wire. MftniUft. Hemri, C<)ir — DemcltB Aod Shear*— CftlcoUtion of the 
Cross-breakinH Strain of Fir Spar— Centre of Effort of Sails— Hydroatatica 
the Uiving-bell ; SUbility of Floating Bodies ; the Ship's Pump, &c 

" This KxcEi-lent Booe . , . contuna a large avoitht of information." 
—Nature. 

" Wmll woeth the money . . , will be found KICEBDWOLY HKLPrdL."— 
Shipping World. 

"No Sbifs' Gfficehb' bookcase will henceforth be cuniplete without 
Oaptaui Mackenzie's * Psacticai. Mechanics.' Nutwithatandiiig nty many 
yean* experience at sea, it has told me lune maeh more there ii lo oe^uire." — 
(Letter to the Pubbahers from a Master Mariner). 

*' 1 mnat expreas my thanks to you for the labour and care yoa have takep 
In ' Pkactical Mecuakics.' . . . It is a Lite's eifebiemck. . ■ 
What an amoont we frequently see wasted by rigtring pnrctuues without reaaoB 
and accidents to spare, lie., &c. ! ' Fhactical Mcorahics ' wodlii bate all 
THia." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

A Manual of Trig^onometry : 

With Diagrams, Examples, and Exercises. Price 3s- Gd. 

Tuiitu Edition, Revised and Corrected. 



*,* Mr. Buck's Teit-Boolt has been specially prhpaked with a Ti»W 
to the New ExaniLnatious a( the Board of Trade, in which Trigonometrr 
is an obligatory subject. 

'-TUs xiiniKHTi.1 nAOTiuc. uiJ usuaiii.ii roLras."— SiAwiIinailir. 

A Manual of Algebra. 



Dealgneri * 

:• Them 



meet the Requirements of Sailors and othert. 
EsiTJOti, Reviaeci. Price .la. 6d. 
rlE« on uauaA ud TSjaanaHmi us irrllten ipedall 
onnnltr of ooiuDlUng * ToKber. TDcyire boolu for"i 
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NAUTICAL WORKS. 



aniFTUS'S NAUTICAL 8EBIEB. 



THE LEGAL DDTIES OF SHIPMASTERS. 



General Contents,— Tb« QaiuncatloD tor tb» PoiIUdd or ahipmuter— The Con- 
tnnt wIDi the ShipowDir— Ths UuteKi Datf In rup«C ol the Crsv : Engugmrot 
ApprentlCH; OiBClpllnc ; Proilsloni, Acaommaditloa, wd Ucdloal Comrorla ; P>7m«it 
cfVteet uid Dlichusa— Ths Uuui') DatT Id rMpMt ol (ha Piwengen— Tho UuUr'i 
"■ ■ " ~ nilbllltiw— The Uutar'i ftnty ■ ' — "-- "- — - -'- 



HDilbllltlst— The Uutar'i 0Dt7 In mpeot o( the Cuso— The Uutei'l 
of CMUltj— The UHter'i Datj' to esrtikln Fabllo AathDrllln— The 

. ,.....-(- ™... „ — .. « J ,,-.,( Dne,_The JUetereDuty 

~ eeitalD Leal Mitten ; 



iniltj— T 
^n top 



_. ^_ili,nB«, ud tight 

npoD Airlnl M Uw Port ot DlMbiuse— Appendlcee rsliUTe 

Boud at TtadB CsTtlflcatei, Metuy Bolee, «<mr*Be of Oraln Cugo**, LMd UDB Betvlk- 
tlODi, UtiMKtins Applluicet, Carnogo of CiUle at Sei, Ae., Ao.— Co^ei Indei, 



Skcond Edition, Raviaeil. With Diaigrama. Price 2a. 

Latitude and Longitude: 

^oinr tio Find thcMn. 

By W. J, MILLAR. C.E., 

Lalt aicriiair '" ll" If'. <•/ Enginart and ahiftmUiUri in BKUttnit. 
•• CoNOiaiLV aad cleablv WBirrKM . , . cannut but prove an aoqaiBition 
to thorn atucMng Navigation."— JVarine Engineer. 
" Young »nmeQ will iind it bam>t and uheful. hiuple and CLlitL."—Tli» 



FIRST AID AT 8EA, 

Thibo Edition, Revised. With Coloured Plates and NumeronB lllustra- 

tioDi, and oompriaiDt; the laleitt Uegulatione Respecting the Carriage 

of Modioal Storea on Board Bhip. Price 6a. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.E.O.8., 

FrlDclpal Medical UIBcat, SeameD'a Qotpltal^ Onanwloh. 
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OaARLBS QRIFFIN * OO.'a P0BLWAT10N8. 



OBIJFIW'S NATJTICAL SERIES. 



Ninth i 
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KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Abchitkct. 

Sptelalty arranged to tuit the requirements of Ships' Offieera, Shipawnert, 

SuporintendenU, Draughtsmen, Engineers, and Others. 

[l«iirtwoi«lj t, — Tubum' — >"riwbo»ni — Mooiuitt. — Booj kbcj. - Su»ln t 

lIll;.~Hullliif.— iUlliiilDg. — LoMUng. — ShirUnc Uitrgiw*. — Admlmion 



"Th.m 



SSL'tet. 



m It hu IWD wM tOr'- Sktypintf IVeii4- 
BY THB 8AMB AtTTHOH. 



Steel SMps: Their Constroction and 

(Sea page 3S.) 

SixiKKHTB KiiiTloS, rionjiiyWy Renatil. Largt Svo, Cloth. 

yi: isliv + TOS. H'ilh 280 lUuMrationK, rei/iieed Jrom 

Wo<-ki-i\i l>ra«ing', onf S PtaU*. 2U. «((. 

A MANUAL OF 

MARINE ENGINEERING: 

coupRiamo the dssigndjo. cwnstruction, and 

WOKKIMG or MARINE MACHINBKY. 
By A.B. SEATON, H.I.C.B.. H.I.Heeh.E.. M.I.N.A. 

tlKHtCHAL CoNTKNTs. — I'iRT I. — Pfiupiplpa of Marine PrDpaUion. 
Vsxt II. — PrtaatuW of ^leMn En^eenng. Past III. — Detail* of 
Hulm &uiM* ; DMi^s uiit CkIcuUUoiu (or Cylindera, Piatotu. Vklvas, 
Kspusiu Valvwi, &c ?Airr IV.~ Propdlers. Past V.— Boilen. 
Paw VI,— Mto««Uwi»oa*. 

k ibe aon >u.iii.»L« 



NiXTH KotttuK, Thoroughlv ReTiaed. Pookat-Siaa, LMtlwt. Si. Sd. 



MARINE EMGIMEERIIIG RULES AMD TABLES, 

Marin* KngtnMn. Naval Arehluets. Desl^neo^ Draturbunao. 

SupMiBiendents and OUiers. 

Rt a. & 8RATOS, M.l.aE.. U.I.MkIlK. H.I.H.A.. 

H. M. ROVNTHWAITK. MLMscKE., ILLir.A. 
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ENOIUBKRINO AND XSOSjI'S 
WORKS BY PBOF. ROBERT H. SMITH. Assoc. H.I.C.B., 

U.LUsob.E.. ILLELE.. U.LMI1LE, Whll Soh., llOrdMaliL 

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems. 



CLASSIFIED BEFEBENCE LIST OF IITTEQBAItB. 
By PROF. ROBERT H. SMITH. 



R F. MTJIRHEAD, M.A., B.Sa, 

Fomutlir OUrk fallow ol QIhbow DolienitT. ud I,«alDrsT on UilbsiiiUlsi ■■ 

Muon CoUiBB. 

In Crown Sua, extra, with Diagramn and Folding-Plait. 8a, Sd. 

LIU ror tb's noD-iuUiciiiMluI Stad 



MEASUREMENT CONVERSIONS 

(English and French) ; 
43 GRAPHIC TABLES OR DIAGRAMS, ON 26 PLATES. 

Bbowing at k glance the McTUAi. Conversion of MsASURRiilim 

in DiTntftBNT Units 

Of tiOagUu, AreaB. Tolumei, Weights, 8tre8Be«, Deoiltlea, QuuitltleB 

of Work, Hone Ponera, Temperatures, fto. 

For tilt lilt s/ Envlnieti. Surot^tn. Archlur^t, <>■«> CBKtneteri. 

In 4to, Boardf. 7t. 6d, 

*,* Prof. Smith's Co nvkb si on -Tables fonn the rorat unique and oom- 

preheniive collectioD ever placad before the proferaioa. Bf their DM mnoh 

time and labour will be saved, and the obanceg of error in cnlculatioD 

diminiahed. It ii believed that henceforth no Eogiueer'a Office will be 

goiuidered complete without them. 



Pocket Size, LmiIict Limp, wlUi Oilt KAffet iin<l Rounded Corusn, pliiiled od 9pe(rt>l 

Thin Pnper, wilb lUiulratloDS, pp. l-iil + BM. Price 18t. uet. 

(THE NEW "NYSTROM") 

THE MECHANICAL EHGINEER'8 REFEREHCE BOOK 

A Haiidhook ot TabUi, forvivlt and MahfxU for Eni/inttri, 

SiudetUi and Draughlrmai. 
By henry HARRISON SUPLEE, B.Sc, M.E. 
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Sbooms Edition. la Large Svo. Huidsome Cloth. 16s, 

CHEMISTRY FOR ENGINEERS. 



BERTRAM BLOUNT, 



A. O. BLOXAM, 



OBHBS&L GO!lTSHTS.-IntrodncUon-Cniemlitr7oI tba Oblet HatnUU 
of C«iuitrQctloo— Source! of BneTg; — Ohemistrr of Btaain-niiliig — Chuoli- 
try of LnbrlcAtlon uid Lubricants— HetalliiTglc&l FrocBBiBa niBil In thi 
mnnlnK and Hannfactnrs of Metals. 



i Makdi'actdrbks," 



THE ELEMENTS OF CHEMICAL ENGINEERING. B7 

J. Gkossmams. M.A., Ph.D., P.l.C. With a, Prefocc by Sir 
William KiMsiT, K.C.B., F.R.S. In Hondaome Cloth. With 
nearly 50 Illustrations. 3a. BA. net [See page 7a 



PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

Bt Liect.-Col. THOMAS KNGLISH, Late Royal Kngincers, 



WORKS BY WALTER R. BROWNE, M.A., M.lNST.C.E. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion. 

With DiagTun& Crown Svo. Cloth, 4s, 6d. 
-Oev [□ ttyle ud incrical in method, 'Ths STDiiiDrr's Mkhahics' iicordullr ta U 



FOUNDATIONS OF MECHANICS. 

Papers reprinted fiom the Enginter. In Crown 8va, Ii. 



Demy Svo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A M&nual for Usars of Steam and Water. 

Bv Prof. FRANZ SCHWACKHOfer of Virnna, abd 

WALTER R. BROWNE, M.A., CE. 

~ -'-Vmiel^ — F«d-waici Hcm" 

EDtioD Df Seile. &c., Stc. 



Fumade, Fliiei, Chimney— Tfce Boilt. 

Smm Pip»-^Wa(Et : Compasiiion. PuiiJii 

"TheSactioiioaHmmKHDf ihebdl 
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HARLSa QBIFFIS A OO.'S PUBLWATJOITB. 



GRIFFIN'S LOCAL COVERMMEHT HANDBOOKS. 



Sh dUo DHTiu' Hygient, p. 99, uid UkLikiiI'i CahtUariom. p. Ilu agnora] CaUlovuD. 

Gas Hanufacture (The Chemistry of)- ^ Handbook on the Pto- 

ductloD, Purincatloa, and Tailing of niuminsIiDB Gu, mid Chi Aucy at Bya-Pro- 

JucM. By W. J, A. Bdttkhukui. >l,A..r.l,C.,F.C,8. With lUiutmtloni. Foubth 

Vol. 11,, in prtparatian. [SMpieaTI. 

^ Practical Trestke on the Selection of Sources and the 

,D E. UlUDLETOM. M.ItuCC.B., U.lmLMflcll.B., 

r.n.i. oiui KiimsruuB i-iuun uiu lilagrsiDi. Crown Sto. 8>. ed. not. ISec iHiee T7. 

Central Electrloal Stations,: '^li»>r I>^Htgii, OrganisatioD, and Manage- 



Water Supply: A PrMt 

DUtrtbutLu.io! Water. Bjr 



».K.C.,1 



I. lSHp.tS. 



Eleotrleity Control. By Leonard Andiiews^ A.M.lnat.C.E., M.l.E.E, 

I3t. ed. net. ISee ijcgc ta. 

Electricity Meters. By Uehry G. Solomon, A.M.lnst.E.E. 16a. 

net. (He« i.i«fl 49. 

Trades' Waste : Its Tre&tmBnt and Utiliaation, with Special Keferenoe 

to the FrcTenlian or R[vcn Foliation. hy W. HATI.OB, IT.C.a.. A.M.loat.C.E. 
With Nnmeroua Plulaa, Dlsgrami, nnd IIluatrntioDi. Eli. net. [Bee pa^ TS. 

Caleareons Cements : Tlieir Nature, Preparation, and Uaea. With 
•ume Kemnrki upon Cgmont Tenlns. By QlLBBRT RUKlItATI, AjHK:,ln>t.C.X. , 
■nd L'lUs, Si',icKHAN, F.C.8. With Illuitntloni, AuItUciI DiitB, and Appcndlcst 
onCoita,±c. l&i. net^ [B«ep>ge;e. 

Boad Hakln; and Halntenanoe : A PraoticaJ Treatiw for Engineen, 

Surrcyon, and otheri. With u Hlitoclul Skatcb ot Andent and UoJem Prutlce. 
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By GUSTAVE EICHHOKN, Ph.D. 
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MINING GEOLOGY. 

A TEXT-BOOK FOR MINING STITDBNTS AND MINEBS. 

Bv PROF, JAMES PARK, F-G.S., M.Inst.M.M., 
leiBOT ot Mining and IMreotor of the Otago Unlvenlty School of Mines : lite Mreeto 
Thamu School of Uluei, and OioiOKlcil aorveyor and Mining OeolOKiiC lo the 
Govemmenl or New Zealand 



IRAL COMTBMIS, — InlToduc 

IHde, Age. and Strni:tare 
Jly Considered— Ores and 



-CliHlUcaClon uf Mineral DepoHla.— Ore Tetlu, 
le Dyuunics of Lodei and Bedi.— Ore UeporiU 
nil Conildeied BeonomlDall]'.— Mine SunpllDi 



ELECTRICAL PRACTICE IN COLLIERIES. 

Br D. BTTENS, M.E., M.Inst.M.E., 

OBtUcatsd OoUJur Huii«u. ind LiKInrer on Mining Bud Gnlon to tlie Ola^nnr asd Wat if 
SintluKl TKtinlcal C»IIi«e. 

Unita of Meaeuiemeot, Oonductore, *c— The Theory of the Djruamo. — Tbe 
Dynamo, Details nl Conatruction and WorkinB.—MotorB.— Lighting IiutalU- 
lioiia in Cnllieries. — Pumping by Electricity. — Ji3ectricAl Haulue. — Cokl 
CnCting. ~ Minueltuieoiis AppUoationa of Ulpctcidty iti Mines, — Coal Mine* 
Regulation Aet (Eleotricitj),- Index. 

"A clear and i^onclio introduction to elFclrical practice In colllerlel."- JTininf 
JiHTnaL 

LONDON; CHARLES GRIFFIN i, CO., LIMITED, EXETER STREET, STRAND. 



WOBKS FOR UIITEBS AND STUDENTS. 

In Crowu Svo, Haudaome Cloth. Ss. Bd. net. 

MINING LAW OF TNE BRITISH EMPIRE. 

Bt CHARLES J. AI.FORD, F.O.S., M.InBtM.M. 
Contents,— Tho Priuciiilee of Mining Law.— The Mining Law of Great 
Britain.— Britiab India.— Ceylon.— Burma.— The Malay Peninsula-- British 
North Borneo.— Egypt. — Cyprus. — The Dominion of Canada. — British 
Ouiana.- The Gold Coast Colony and Aahanti,— Cape of Good Hope.— 
Natal. — Orange RiTer Colony. — Transvaal Colony. — Bhodesis. — The 
Commonwealth oE AuHtralia.— New Zealand, &c— Index. 

'Sbould be gpeclally Diefnl to all IhoK engaged In the dlrectton at mining ontci- 
"Cimiotfailtobf imefm . . . wr cordlallj reeomniHid thf Ijook."— Jlininff ITortd 



/n Large 8i'o. Fodbth Edition. Pricf lOs, 6d. 

Mine Accounts and Mining Boole-Keeping. 

For students, Manag'ers, SecFetaries, and others. 

WHh Examples taken from Actual Practice of Leading Companies, 

By JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., P.G.S., 

Bud or Ihe Mining Deparlnjeuc, Camlwnie %buol of Mino. 

Edited bt Sib C. LE NEVE FOSTER, D.So., F.R.S. 
CoKTSNTS.— Introduction.- Pabt I. Engagembnt *nd Payment op Work- 
UKN. — EngagemeDt of 'Workmen anil Period between Pav Daya. — Data 
determiniiig Gross Amount due to Men.— Deductions. —Pay Sheets, Sue Billi. 
—Pay Tickets. Pakt II. Pdhchahks asd Salib,— Purfhase and Distribution 
of Stores. — Sales of Product. Part HI. WorkiNo Suhuahies and ANALiatB. 
— Summaries of Minerals Eaised, Dressed, and Sold, and of Labour. — Analyses 
of Costa.- Accounts torwordeil to Head OiE™. Past IV. Lidoeb, Balamcb- 
Sbket, and Compant Books.— Head Office Books.- Redemption of Capital 
— General CoDsideratioDB and Companies Books, Faut V. Reports AMD 
Statistics. — Reports of Workings and Machinery of Mining Companies. — 
Mining Statistics — Bibliogeiapiit.— Inuex. 



THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AKD SHAREHOLDERS- GUIDE TO HININC REPORTS. 

By EDWIN R. FIELD, M.I^sT.M.M. 

With Notes on the Valuation of Property, and Tabulating Reports, 

Useful Tattles, and Examples of Calculations, Ac, 
"An ADIOKABLT compiled book which Ululng Englueen and lUnsgeli wUl Ond 
■XTKUULY vaanit."~Miniag Journal. 

LONDON: CHARLES GRIFFIN i CO., LIMITED, EXETEB STREET, 8TRAH0, 
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SHAFT-SINKING 

IN DIFFICUILi'r CASES. 

By J. RIEMER, 

TkANSLATED FROU the OEtUOAN 

J. W. BROUGH, A.M.IssT-C,E. 



FreeiiDfi Method.— Tbe ^iinkiog Dm 
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BLASTING: 

AND THE USE OF EXPLOSIVES. 

-By OSOAR GUTTMA.NN, JI.IsaT.C.E., F.I.C., P.C.S. 

CoyTB.TTB. — Historioal Sketch. — Bluating Materials. — IJualities wd 
HMtdlingof Bxplnaives. — Tho Choice of Blasting MaMrikla. — Prepu-avion 
itf BlaiU. — Chamber Hinea. — Char^g of Boreholes. — Determiaation of 
Chargs. —Blasting in BoreholeB.— Firing.— Roaalta of Working.— Varions 
Blasting Operatioui. —Index. 

"Sheiild anm inmiit-mKiimui Mining Entincere and all enEigcd ia pncticd Bork.~ 
—trm and Ceat Tradit Rn-Uw. 




In MediaiD Sro, Cloth. With many lUiutrationa in the TexL 
Poor PuU Page PUtea uid Four Folding Tublea, 6s. net. 

NEW METHODS OF 

TESTING EXPLOSIVES. 

Bv 0. E. BICHEL. 

TBAHSUiTBD FROM TBE GEKHA.V AND EontBl) 

AXEL LAKSEN, M.Isst.C.E. 
CoHTKNTS. — Introdnctory. — Hiit«rlcaL — Testing Stations. - 

Gaugoa Products of Combustion. ^ Kate of Detonation. — Length and 

Dnration of FUine. — After-b'laroe Bntio, ^Transmission of Eiplodon.— 
Conclusions. — Efficiency. 
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CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 

Methods of Working, Design and Conslruction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Hieing nad HeUllocElcE] Biwln»r; HpFdnlliL la Gold : LlU TacbDlol Adllurottlie 
DmiUche Gold <md SDba Bdiitlds Anitill. FrukfoRHm-Mnliie. 

And EDGAR SMART, A.M.I.O.E., 

Civil mnd UclallniKlul BneiBWT. 
" A timtdfome volume of 400 po^B *hith will be a vAluabla book ol refereim for *t] 
uioclAied with the proccM."— fiiiifnff Jintmal. 
" The aathDn m to be congntulmUd upon the proilaalliiu ol wlut abould prori to be 



TBE CYANIDE PROCESS OF GOLD EXTRACTION, 

A Text-Booh for the Use of Metallurgiata and Students at 

Schools of Mines, do. 

By JAMES PARK, F.O.S., M.Inst.M.M., 

FrorauoT of Mining siiii Dtrector ot the Otago UDlvenlty School of Ulnee; Ilia DtnolOT 

Tbunee School ot Miuei, uid Geologiosl Hnneyor ■nil Mining Oeologlit 

to the Qovenunent ol New Zeilsnd. 

Fourth Enqlish Editioh. Thoronghly Revued and Greatly Enluged. 

With additional detaili concerning Uie SiemenB-Halske &nd other 

" r>B8etvet to be tanked ai amongtt the BiBt or KXWnNQTRBiTiSEB."— J/ininiF Joumai 



Third Edition, Kcviaed. ITifA Platra and lUiulratioiw. Cloth, ti. id. 

GETTI NG GOLDi 

A OOLD-MININO HANDBOOK FOR PRACTICALr MEN. 

By J. 0. P. JOHNSON, F.G.8., A.I.M.E., 

Lode or ^ . „ _ . . ..., 

Gold Extraction — Liiiviation — Calcilution — Motor Power , „_„ 

—Company Formation — Mining ApplioDc^B and Methods — AuataraUaiaji 
Mining RegulatiDTiB. 

" PraOTTCU. from beglDnlng to end . . . deali thorooghlr with the Protpectlna, 
ainklng, Crashing, and Eitractlon iif goid.'-Bril, AvslraiaSan. 

In Crown Svo. Illimlraltd. Fancy Cloth Board', it. M. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for Intending Exploreps, Prospectors. 

and Settlers. 

Bv THEO KASSNEB, 

With a Chapter on the Agricultural Prospects of South Afrioa. 
iONDOH: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRANH 
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Large Svo. H&Ddaome Cloth. With IIIultritionB. 
12b. 6d. net.. 

METALLURGICAL ANALYSIS & ASSAYING : 

A THREE YEARS' COURSE 

FOR STUDENTS OF SCHOOLS OF MINES. 

Bv W. A. MACLEOD. «.A., B.Sc., A.O.S.U. IN.Z.J, 

Fnrmcrlj AHin.-IllruAor.TluniFiaEliiHil ut Hlun I K Z.l. uicl IiKtnrcr In Chiiqlattr. DnlTHUIr 
srruiuiiDU : DITeclnr ol tiuHDilanil GoIcrumcDt Schmil nl Mlno, aharWn Tonn 1 

And CHAS. WALKER, F.C.S., 



Technical AnalyiU (Gas. Water, Fuels, Oiln. &c.)' 

"The puMlcBtlan ul thii lotumo tends tn prore thrtt the toxchlng or mutnllutglc*] 
uulyitg aiiJ Bunjiiig In Al«tr»liii mti lu L™upeleiiC hsnds."— Jiofurr. 



MICROSCOPIC ANALYSIS OF METALS. 

Bv FLORIS OSMOND & J. E. STEAD. F.R.S., F.LU- 
OoNTKNT*, — Metallogmpbr oooaidered as a method of Assay. — Mioro' 
KTapbio Analyais of Oarboa Steels.— Freiiaration of Specimeim.—PoliBhiiig, 
— ConstituantB of Steel; Fercite; Camentite; Pewlite; Sorbite; Marteiaite; 
Hardeaita; Troostite; Atutaiiita. — Idaatitieation of CanBtituentH.— Detailed 
Biamination of Carbon Steels,— CaaclusiouB. Theoretical and Pjactical. — 
Apparatns employed. — AppKHiirx.. 

"Tbere liu besQ no nork previouily pulilUbed in Ezigllib culaulatell lu Iw vi ourolto 
ths student In nioUllOBraphk reianreh,"— /wii and Sled Tmiln' Jmimal. 



A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR 0RE8. 

By J. ARTHUR PHILLIPS, M.Inbt.O.E., F.C'.S., F.O.S., ic. 

And H. BAUERMAN, V.P.G.S. 

Oknkbal Contents. — Refractory Materiale. — Fire-CUyn. — Fuels, ka.— 

Alnpiininm. — Copper. — Tin. — Antimony. — AraHnio. — Ziic. — Mercury. — 

BUinuth.-Leiid.— Inm.-Cohalt. -Nickel —Silver,— Gold.-Pliitiniun. 

'■Of the Third F.IiniON, we are still able to sa; th»t. as a TeI^boc•k at 
Matallurgy, it is the beet with which we ore acauucted."— JEnj/inKT-, 

" A work whioh is equally valuable to tbe Btudant ae ■ Teil-book, and to the 
prwitical Smelter as a standard Work of Kefereuce. . . . The DloBtMitiaiiB 
am adiuirable eiamptes of Wood Kngraviag." — Chemiati Sam. 
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OeoloBlcBl uid Onwrmi^ial Dlitrlbutton of Patrolsam aoi] Nstnnl Ou.— SiOnoH nt.: 

Th< Chemlcil aniinijilci] Pnnwttle* of Petroleum uid Natuna Ou. -SKonoH IV.! 

' ' Pettoleiuo Slid Hatoral Om.— Seotion " . - . . 



— BlBUOQttAPBI.— laHEX. 



.:*.— SrenoB VI.: Tho 1 

[i InduiitrlM.— aioIJoB VIII. 
-3ECTI0I1 IX. : The TntloB ol 
kerfte, lUid AipbulC— flECnffi 
itutorr, MunlolpBl. ■ 
, md Vh of Pstroleu 



The ProdacClon ot Peboleu 
qs o( Petroleum.— SBonoS VIL: 
The Tmuport, Slongc, Bad Dti- 
Crnde Petroleum , Petraieiun Mid 
X. ■ Tlie rwii uf PoiTolBoni ud 
\A other KegulBtloni relKtlnii to 
n ond lU ProducU.— . 



A HANDBOOK ON PETROLEUM. 

FOR mSPEOTORS UHDER THE PETROLEUM ACTS, 

And Top those angHscd In Che Storage, Tfansport. Distribution, and Industrla 

Use ot Petroleum and Its Produots. ana of Calcium Carbide. With 

suggestions on theConslrucUon and Use omtneral 011 Lamps. 

Kt captain J. H. THOMSON. 

And sir 'boV e'r'tOn"''re'6 W D, 



In Crown Svo. Fully Illustrated. 2b. 6d. net. 

THE LABORATORY BOOK OF MrNERAL OIL TESTING. 

Bv J. A. HICKS, 



In Large Crown Svo, Cloth. Folly Iltaitnted 6b. not. 

O I r^ FUEL: 

ITS SUPPLY, COMPOSITION, AND APPLIOATION. 
Bv SIDNEY H. NORTH, 



Cotnponltlon 

Hethodi and EipeHmenti.— Modem Bnrnen and Uethudt.—Oll Pnel for UarlDe P-. 
p»eL— For Naval Purpoaei,— Ou Lo«otnotlTei.— For Metallnrglul and other Pnnuaea. 

teit-buoK."— Jfnliirt. ^ 

THE PETROLEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin lamp. By Cuft:. 3. H. 
Thomson and Sir Bovkrton Redwood. Illnstrated. \n. net. 
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and all Interested In the development of 

the HetaUor^cal Industries. 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 
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inTBODUCTIOS to the STTTDT of USTAIXIJBaT. 

By the Editor. Fifth Edition. iSs. (See p. 63.) 

GOLD (The MetaUurgy of)- By Thos. Kirke Rosb, 
D.Sc., Assoc. R.S.M., F.C.S.. Chemist and Assayet of the Roytl 

Mint. Fifth EonioK. 21s. (See p. 63.) 

LEAD AND SILTEB (The HetoUurffy of). By H. F. 

Collins, Aisoe. R, S. M., M.InstM.M. Part I., Lead, iCs; Put 

H., Silver. 16s (Seep. 64,) 

IB ON (The MetaUurgy of). By T. Turnir, A-R.S.IkL, 
F.I.C., F.CS. Thibd Edition. Revised. {See p. 65.) 

BTEEIi (The MetaUurgy of)- By F. W. Harbou, 
Assoc.R.S.M,, F.I.C, with a Seclion on Mechanical Trcalment ty 
J. W. Hall, A.M.Inst.C.E. Third Edition. 15s. net. (See 
p. 65.) 



Win £r Pt^EJad tt SKtrl Imlrrvaii. 

KBTAIiXilTBOICAL MACHTNEBT : the AppUcation ot 
Engineering lo Metallurgical Pmblems. Bj- Hknkv Csasles JtNKIMi, 
Wb.Sc, As5ocR.S.M.. .\ssoc.M.Iii5l.C.E.. of the Rofil Conc^ of 
Science. (Sec p. 64). 

COPPEB (The MetaUurgy of). By Thos. C. Cloud. Assoc. 
R.S.M. 

AIiLOTB. By Edward T. Law, AssocR.S.M. 
•,* Othei Volamei in Frepiuatioo. 
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OBIFFIN'S HETALIiUBGICAI, SERIES. 

Firm Edition, ihoroughly Revised and considerably EnUrged. laxffi 

8vo, with numerous lUustralions nnd Micro- Phoiogtiphic 

Plales of diffetent varielies of Steel. 18s. 

An Introduction to the Study of 



Sir W. ROBERTS-AUSTEN, K.C.B.. D.C.L., F.R.S., A.R.S.M., 

Liie Cbfnist ud Aiuitr a( lAe Royal Mini, and !>»(«»[ ol MeuUurgr 
it! the Royak College of Sdcnce. 

OUUy.— Phviicai Properlwl 
. — Means of SuppEvinf Air 



iTBNTS.— The Rctalion of Meulluisy to G 
, The Themal Treiiraeni of MewEr— FiM 
Mducts of McIallurEital Proneuei.^Fuinai 
mi 0- Chemistry.— TypiuJ MeiallurgicaJ Pn 



" No English lexl-boak ai all approaches Ibis in 
which the most tuodera news an the subject are dealt . 
Tolums will be iNVALUABi.a. ncl only to Ibe sludenl, hut also 
knowleddc of the art is far advanced." — ChtmitBl Aim, 
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With Frontispiece and 



THE METALLURGY OF GOLD. 



T. KIRKE KOSE, D.So.Lond., Asaoo.R.S.M., 

Chemut and Auayer qf the Soi/al Mint, 

GKVKKti. CoBTSBIB,— The PropertlBi of Gold nai Iti AUojt— Chemlilry ol tbc 
. , -hotton of Gold.-"-- " 



— ConcentCitlon In Gold MUli.— Dry Cniihlne.— Be-grlL „. „. 

Th« Plattnei Proceu, TliB BuTel Proeeu, TIio Vat-Soluttou ProcMt— The Cyanide 
ProcM*.— CbemliWy o( Ihe Cyanide ProcMt— Beflning inJ Parting of Gold Bnlllon. 
— Auay ol Gold Ores.— Amy ol Gold Bn"'"~ —-"-'' • "-'-' "— ' — ■■ 
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THE METALLURGY OF LEAD AND SILVER. 

Dv H. F. COLLINS. AsBoc.R.S.M., M.Inst.M.M. 



Pax-t 



-I^ E A D : 



A Complete uu\ Exhiustive Treatise on the UiDufacture of Lead, 
with Seodoua on Smelting &iid Deailveri«Btiott, uid Ch*pcen ou the 
Asaay and Aoalysii of the Mnterula involved. Price 16s. 

SUHiiiiiT or CON TKIin.— Sampling Had AjHjing Leul Uld Stiver — Frnpertlu and 
Cumponiidi at LauI. — Land OTH.^LfluTHinaLting. — BdTerb«rHtorLeL^LcBd Smelting In 
I<ei>tthl.-The Boutlag of Load OreL— Blut Fumicfl Bmeaing; Principle, Pnolloe, 
Uld Eiunploa: Produata.—Flue Diut. Its CompiMklan, CollHtioo uid TTBiCment.— 
C«U(n<l Louei, PurchueolOna.— TrmlmeaCoT One. Lend aulphldM, UeailTCrlutlon, 

Batdinliig ml KsBnlng Thi PrntUnaoo pRwau.— The Pirkei pruceu.— Capellmtlon and 

ftellulDg, Ad. . dto. 

"A raoRODaHi,v ennKP unci uieru! dIgiMt. Ma; wiUi ai 
reoiiionu'iulinl. "— Jfirii'iijr Jotirtiat- 



Part II.— SII^VER. 

Compriaing Detaila regarding the Suuroea and Treatment of Silver 
Ores, together with Deacriptiona of Pluit, Machinery, and Proceuea of 
Maunfaotnre, ReBning of BnlHon, Cost of Working, &c. Prise 16a. 

amount or GoEmns.—Pnipeitlasal BUnruidlUPrlDclpalCompoiuidi,— Bllter 
Ores.— The PiUo Pnioeii.— The Kuo, Foodon. Ertlmke, and Tina Froceuei.— The Fui 
hooasi.— Roait AmalaamatJoD.— TreatmantotTalllngi and Conoentcatloa.— Batoitliis, 
HelUnc. and AMajrliiS — Chlorldlilns-KoaNJiia.— The Aagutln, ClaudBt, and ZlacTanl 
Proc MH a.— The Hnw^alphlt* laanhlnt pnioaa.—ftallDlDg.— Matte Smeltlu.— PrcUle 
Smaltlnt.— Ifatta SinalUng tn BArartwratartea.— SU*ar.Ckii>per Smelting and Reflnlac,— 
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METALLDRgTcAl" MACHINERY : 

The Applloatlon of Engineering to Metallurgical Problems. 

By henry CHAHLES JENKINS, 
H'h.Sc., Aatof.R.S if.. Assoe.M.Init.C.K. 
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OBIFFIH'S METAIXTTBGICAL SERIES. 

Tbikd Edition, RevUed. Witli Numerons IllusCratioDi. Lt,rge 8to. 

UtuidBOine Cloth. 25a. not. 

With Additional Chapter on The Elealrio Smelting of Steel. 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C, 

OonnUling Metallurgiil and Analytieai Chemiit Co tin Indian Oovemmeat, 
Royal Indian Engineering CoUege, Oooperi Hill. 
With 37 Platei, 230 lUnaCntions in ths Text, and nearly 100 Micro- 
Sections of Steel, and & Section on 
TBS MBCHANICAL TRBATMSST OF 8TXSL. 

Br J. W. HALL, A.M.Inbt.C.E. 

AmDOU CoiiTiim.~Tbe Pint. Muhlnerr, Uelbodi sad OhsmiiaT o( lbs Beaumer 
udorunOpHHsuthProdsusitAeliludBMlci.— Tbs M«b»1(ua Tranlmsiil cf Sua) 
aomprliliiK Mil] PrmclMa. Plul ud Uubinery. — The InflDBOcs of UaUUoldi. Hwt 
TnataHal, Speolil StMli. HlamtniDtan, TeaUog, &ad SpootOnUoni. 

' A iForfc whldh wt reDlnn to onmend u %a Inv&liuble compendlnni of InfonutlDD oimd 
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iLble. lind Ibli anTbt tba man <aMj iaai, u thu pablliliod prln. cDnilderlai ili>- ilin 



TiiiBD Edition, llevised. Saoi 



THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc. R.S.M., F.I.C, 

ProftaOT of Mftallurgi/ in the Ciavertitg of Birmisgham. 



—Pnpinllon of Ina Om,— The BIhi Pnniue.— TbE Air lusd In tlu 
BHUIamoI Iba Blut Fnrnua.— Tba Poal nsad In Iba Blul Fnrruee,- 
rinin SmelUng-ProparUaiof Out Iron.— Foandr; PruUw,— Wroii«)|i 
jdooiloa of Wroigtil Iroo.— Tha Poddllaii Ptoaau.— PnrtbE'r TmtmaB' 

undSUdA... 

" Tbis Is A DKUOHTTCL BOOK, givicft' *> <t iif, reliable iofonnitiiin on t mbjact 
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aiti*T TALUK (a tbow engmged in the iron iadaatrr."— Jf inin^ Jounial. 



' For PcoEeBBOc Turner's Lcclura on Iron-Fotiadini 



UHDON: CHARLES GRIFFIN i CO.. UIIIIED, EXETER STREET, STRMO. 



CHASLKS QRIFFW A CO.'S PUBLIOATIOSB. 



A TEXT- BOOK OF ASSAYING: 

For the use of Students, Hine Managers, AsBayera, do. 
Bv J. J. BERINGER, F.I.C., F.C.S., 

Public Aoalyit tot, and Lcctmei to the Uiuuig Auociatiod of. ConwalL 

And C. BERINGER, F.C.S., * 

Late Cliief Auayu to the Kio TLdId Copper CompADy, LoodoD, 

BTHOos: Dry bimn- 









_, .. -.jiults — Laboruoty-boolu 

; Wet GmiTnielric-VDlunielric Awv>: 'IltroiiH— ^ , 

Wcighmfl uid Meksurine^— RaBentB— FormulK, EqUHtidos, ftc.^Spccific Gmvity- 

Paiit II.— Mn'ALsTl)etecdaa udAuiy of Silm.Gald.Fluiiiiim, Mercury, CoFpv, 
Lewi, ThdliLiD, BiimuTta, Aolimonv, Iron, Ntckcl. Cobalt, Zinc, Cwlmiiim, Tio, Tuntsa, 
TitBruum, HuigaDCSe, ChrDnuiuo. SC.— Earthl, Alkalies. 

Fait III.— NaH-MiCTALs: Oxygen and Onda: Tlie Halogeiu—Salphnr aod Sul- 
phalflf — Anenic, Fb«phoru&, Nitrogen— ^licoa, Carbon. Boron— Uieful Tables, 

"A ISALLV iiKBiTDUoui ivoRE, thu Duf be ufcly depended upon either for syslcmiitic 

FoDSTB Edition, Revised. HandsonK Cloth. With A'umerou* 

lUwitratiana. 6: 

A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's Pkacticai. Libokatost Course. 
By a. HUMBOLDT SEXTON, F.I.C., F.O.S., 

Profmsor of MeUlluTKy in tbi Gbugow and West ot Sootland Teohnka] Cdlc^ 
GENERAL CONTENTS.— lDtraduclJDii.—Pnjp«rtiu of tba MeUla. — CombsniDS, 
— FaBla.— Refiaolory MaI«rui!B, — Fiuaacea.— OccDrreuoa of tb« Metala in Natnn. — 
Prapuation of the Oia for tbe Smellsr. — Mstilliiiacal Pncaoes. — Iron. — StaaL — 
Copper. — L«ad. — Zinc and Tin. — Silver. — Cold. — Mcrcary. — Allocs. — Applicatiou 
of Elbotsicitt lo Mitallnrey. — Labobatort Course. 

" JoBt the bad of vork for Students oommbhoiho tbs acud; of MaUl- 
Inrgj' or fof EHOMBRsnio Stadents."— /"rartieai £iwin«r. 

■- ' "—Chemical Trade Jovntd. 



Id Large Bvo. Handsomo Cloth. Prioe 4fl. 
X A B L. G S FOR 

QUANTITATIVE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 

ON THE PRINCIPLE OF "OROUP- SEPARATIONS. 

By J. JAMES MORGAN, P.O.S., M.S.C.I. 



UOHDOH: CHARLES GRIFFIN d CO., LIMITED, EXETER eTREET. STHANa 



CuMTS, &c. Price lOs. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolyaia to the Plating, Depoaiting, 

Smelting, and KeGning o! viaioax Met&la, and to tbe Kepro- 

daotioD of Printing Surfiuies and Art- Work, ko, 

WALTER G. MCMILLAN, r.I.C, F.C.a., 

BMitltry ta the hulilnlionnf Bltarieal Unglntfri; lalt Ltelartr <n Ktlaavrff^ 

at Jfas™ CollrBr. Birmiinr*otn. 

With numoroua liluatrations. Large Crown Svo. Cloth. 

"Thie excetlent treatiie, . . . one of the best and host oohflkti 

mannala bitberto published on Electro-Metallurgy." — Eteclncal Btvietn, 

" Thia work will be a htahdabd." — Jeweller. 

"Any metallurgical j>roceBa which kedcces tbe coai of production 
niiiit 01 necesaity prove of great comnieroial importance, . . . We 
noonunend thia manual to all who are intereated in the FKA(mOAL 
N of electrolytic proceaaes." — Nature. 



EIEOTRIC SMELTII& & EEFrailf&: 

A Practtcal Manual of the Extraction and Treatment 

of Melals by Electrical Methods, 

Being the " ELEKTRO-MMAU-tTBOti" of Dk. W, B0HCHER8. 



CONTENTS. 
Pakt 1. — Alkalien and Aleaijsb Karth Metalb : Ma^eaium, 
Lithium, Beryllium, Sodium, Potasaiuni. Caloioin, gtroDtium, Barintn, 
tbe Carbides of the Alkaline Earth Metala. 

Part U.— Tub Earth Metai^s: Alnminium, Cariam, Tji.nt.h«nnm^ 
Didyminm. 

Part III.— The Heavy Metals: Copper, Sdver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Hiamutb, Antimony, Chronuum, Molybdenum, 
Tnngaten, DraJiivm, Maugaaeae, Iron, Nickel, and Cobalt, the Platiaom 

. . Dot onlj roi 



4a dliooued."— TAc SlrtlrK 
uhjeci. BxcbiIlbhtlt pat tii 
to tbe pncUca] man anil tbe 8i 



— SlHtrie Smitting. 



[ 



tONOOK : CHARLES GMFFIN 1 CO.. LIIIITED. EXETER STREET, STRtllt. 



68 



OHABLBS OBIFFIN 4 CO.S PObLICATIONB. 



In MtiUum Svo. Hundtomt Cloth. Fvily lUuHrutcd. 15*. titl. 

GENERAL FOUNDRY PRACTICE: 

A Praotical Handbook for Iron, Steel and Braae Founders, 

MetalltirgiBta, and Students of Metallurgy, 

Bv A. M'WILLIAM. A.R.S.M., A^D PERCY LONGMUJB. 

COKTBNTS.— Intrvdnctlon.-^IDeral Fropertlei dI MatUr. — HnuliUni SSDdg.—FadBg 
Skiidi and Facings, — Poiuidn Toolg. — UouldlDB Boiei. — HaDdLlne Uai«rUl In Uu 
Foimdr;. ^ OpsD Sand MDD]dllig.~Ct>r«.^Kleiij«ntar; AtpecU of MouldliiK.— Gn«ii 
Sand Uootdlog.— fiecHiliig Corel in Mould ■.—SliraldJbiB (rom Ouidea.— Bunch, Oddilda, 
and PlaM UauldlDg.— MubiDS Mou](lliie,— I>i]r Sand Uouldlnc-— Loam Moaldliu. — 
Chill CaitiDg.— CaitTlinai) oUier Hatala.— Bnrnliu,— WelghtlDB and Biodlng Matcriala. 
—Shrinkage, Contracflon, and Warning.— DtshIdb Caatlnaa.— Cotookoi FaolU das to 
Mould and FatUrn.— Malleable orWrcnUht Iron, StMl and Malleable Cut Iron.— Caat 
Iron.— RebaolflFJ UatuialL—Fueli nnd Fumacai.— Mlilojr by AnaJjili.— KemelUng.^ 
Worklug Che Capola.— Fiirlher Treatment of Cut Iron.— High Temperature MMHire- 
ment. -Steel. — Nntea <m Melali other than IniD. — Allon.— Uechanleal TcitlDE.- 
Mlcrographle AhuIfbH.— Common yaults.— Foundir ManageniBnt.— INBU. 



a Crowii Sfo. Willi iS lUwitra 



3«. M. • 



LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.8.M., F.I.C., 

Froleiaor o( Metalling; In the Vnlvenlty of Bfrmlngbuu. 

COHTKNTd.- TuleClei of Iron and Slcel.— Application ot Cait Iron.— HlsUiry.— Pro- 
Juotloa. — Iron Drea.— CompDeltloD.- The Blsat Fnmace.— Materiala. — Reactlona. — 
Gradlna Ptg Iron. —Cuban, aillcon. Bulphur, PlmpharuB, Mangiutoe, Aliimltilaia . 
Anenlc, Copper, and TlUnlum. -The Fouadr;. -General Arranetmont.- Ke-uelUni 
Call Imn. — The CnpDia.-Fue! Vied. — Chansu due to Eemelting. - Unoldi and 
Monldhig.— foundry Ladlei.- Poiuinn and Ponrfng XsBiperature.— Cominoti Tronblea.- 
Influence ot Shape and Slie on HtrenRth of CaeCiugi.- Teeta. 

.., — , — ., ,.1 -.J .. T..^rniatlon Id Iho book."— Inm TraOt Cinrular 



pre:cious STONSS: 

Their Ppopeptles, Ooouppences, and Uses. 

A Treatiae for Dealers, Itanufaoturera, Jewellars, and for all 

Collectors and others interested in Gems. 

By Dr. MAX BAUER, 

ProfoMor la the TTnlvenltyof Matbnrg, 

TiUNBLATiCD BIT L. J. SPENCER, M.A. (Cantas.), F.G.B. 

" 'llie platet are remarkable loc Ihelt beauty, delicacy, and ImChfulneiB. A glanea at 

Ihem slune In a leuoo on preclouJi atonet, wbllat Uie |>eruul of tile work lt*Blf (hoold 



— ^fAnueuM. 



In Large Croioa 8vo. Wilh Xtimeroua JUtiftralioiu, St. 6d, 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A manual on the HaDlpulatlon of Gold and the 

Hann^^ture of Personal Ornaments. 

Bt THOS. B, WIGLEY, 

HeadmailAT of the Jewellers and ailveremltbg' Auoc. Tei^h. Sd 

AeaisTBD BY J. H. STANSBIE, B.Sc. (Lond.), P.I.O., 

Leccuter at the Birmingham Muuleipal Technical S cho ol, 

LONDON: CHARLES GRIFFIN \ CO., LIMITED. EXETER STREET. 3TRKK0. 





HI 


1^1 


Griffin's Chemloal andTeohnologleal Publtoatlom. ^^f 


Inorganic Chemistry, . 


Profs. DupRi AND Hakb, 70 ^^| 


Analysis, .... 


Frof. Huuboldt Seztok, 70 ^^H 


Chemical Eng-ineering, . 


Dk. J. Gkossmank, 


^m 


Chemistry.. 


Ulount and Bloiam, 


71 ^H 


Foods and Poisons, . 


A. Wtnteb Btrre, 


^M 


Tables for Chemists, 


Prof. Oahtbli,Etah8, 


^B 


Dairy Chemistry, &c., 


H. D. Richmond, 


^M 


Milk, 


E. F. WlLLODGHBY, 


^M 


Flesh Foods, 


C. A. Mitchell, 


^M 


Practical Sanitation, 


Dk. G. Reid, . 


^M 


Sanitary Engineering, . 


F. Wood, . 


^M 


Lessons on Sanitation, 


J. W. Habbison, 


^M 


Technical Mycology. 


LafAK and SA1.TBR, 


^B 


Sou Bacteria, . 


J. Olark, . 


^1 


Ferments and Toxines, . 


C. Uppenhsimer, 


75 ^H 


Brewing. .... 


Dr. W. J. Stms, 


H 


Trades' Waste, . 


W. Navlor, 


^M 


Smoke Abatement, 




Wm. Nioholhon, 


^M 


Cements, 




G. R. Rkdohatb, 


^M 


Water Supply, - 




R. E. Middleton, 


H 


Road Making, 




ThOB. AlTKEN, . 


^M 


Gas Manufacture, 




W. Atkinson Buttsrfield, 77 ^^M 


Acetylene, . 




Leisdh and Buiterfibld, 77 ^^H 


Fire Risks, 




Dh. Schwartz, 


^H 


Petroleum, 




Sir Boverton Bbdwood, 61 ^^^1 


(Handbook), 




TuousoN A.ND Redwood, 61 ^^^| 


Ink Manufacture, 




Mitchell and Hepworth, 81 ^^H 


Paper Technology, 
Glue, Gelatine, &c., 




R. W. SiNDALL, . 


^m 




Taos. Lambert, . 


^M 


Leather, .... 


R. S. Trotman, . 


^B 


Oils, Soaps, Candles, 


WhioBt & Mitchell 


^M 


Lubrication & Lubricants, 


Arcebutt and Deelbt, 33 ^^M 


India Rubber, . 


Dr. Carl 0. Webbb, 


^H 


Painters' Colours, Oils, &c., 


G. H. Hdbbt, . 


^^1 


Painters' Laboratory Guide, 




^H 


Painting and Decorating, 


W."j. Peahok, '. 


^H 


Dyeing, .... 


KsECHT AND Rawbon, 


^H 


Dictionary of Dyes, 


Rawson and Gardner 


^H 


The Synthetic Dyestuffs,. 


Cain and Thorpe, 


^H 


Spinning, .... 
Textile Printing. 


H. B. Cabter, . 


^H 


Setmocb Bothweli, 


^H 


TextUe Fibres of Commerce 


W. L Hannak, . 


^H 


Dyeing and Cleaning, 


G. H. Hdrbt, 


^H 


Bleaching. Calico- Printing 


Geo. Duehr, 


^1 


LONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. 8T 


^1 



OBARLES ORIFFIN <b CO.'S PUBUCATIOHS. 

Third Edition, Revised, Eniaigcd, and Reissued. Price 6e. oet. 
A SHORT UANUAI. OF 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D.. F.R.S,, 



Iq Handsome Cloth. With nearly 5D lUastrationg. 3b. 6d. nai. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

Br J. GB033MA.NN. M.A., Ph.D.. F.I.C. 

Sia WILLIAM RAMSAY, K.C.B,, F.R.S. 

1 EquL>Kliiuu.~DlttUllag Flula, Liablg'i 
_ rechnlml Biiui»»lmu.^Tln. AJr-B»th ud 
ami Crucible uid tbelr Tscbolu^ BqulnliuU. 



il Eugloooring. — The I 



XeohnlcilB 



] lU Teobulal E 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR TUB USiS OF St'CDSHTS. 
With niuBtcBtioQS. Fifth Edition, Crown 8vo, Cloth, is. 

. . , A Kond aJjd Qaefn! boot," — Lancet. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USE OF STUDENTS. 
With llloatratioiia. FouiiTii Edition, Ravii^ed. Crown Svo, Cloth, 3a. 6d 
"The work of » thorongUy practical chemist." — Britiih ifedical JovrrtU. 






Ib/rntx. 



, and Hill nippl]' a 



— Journal of Fdiuatioi 



ELEMENTARY HETALLUBGY: 

Inolnding the Author*! Practic&l Laboratory Caarae. 



UMDON: CHARLES CRIFFIN i CO., LIMITEO, EUTER STREET, STRMa 



aUSMlBTRY AND TBCUNOLOaY. 

■biMldilFi' nuB nwuiotha BuEineer isd Hinaruture/"— r^i Tima. 

in Two VoIb., Large 8vo. With llIu«tratiOQ8. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BERTRAM BLOUNT, F.I.C.. k A. G. BLOXAM, F.LO. 
'voE'DBSe: I. Pvi«>« io«. ad. 

CHEMISTRY OF ENGINEEHING, BUILDING, AND 
METALLURGY. 

Otneral Coiifriitji.— INTRO DCJCTIOH—CIieDilBtr; or tbe CblsT HstirlklB 
Of Ooonntatton— Soorcea ot Bnergy— Cbaiiilstr7 of Bteam-rgJilng— Cb«iaU> 
try of LnbrlcaUon and Lnbrlcanta— Het&llnrElcAt Piaoesitea neeil In tli* 
WlnnlnB uid UEumfaatura of Ust&la, 

'VOUXJME II. pploe !«■. 

Srcond Edition, Thoroo^hly Revised. lUnstTBited. IS*. 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

0«nfra/Cunte»M.— BulpIiiulcAcldHaQafactnra— AlkaJl, ftc.— DeumcllTO 

Dlftlll&tlOD — AnifldtaJ Hannre — PetTolanm— Lima and Csment— Clar and 

GUii — Bogur and SCaroh — Brewing and DlstilUns— OUa, Realua, and 

yamlabea— Boap and Candles — TezUlea and Bleaching — ColontlnK 

HatCera, Dreins, and Printing ~ Papar and Paitaboard — Pl^menta (jid 

Palnta - Leather, aiua, and Siie — BxploalTW and HatchaB — Klnsr 

Uanafacturea 









OILS, FATS. BUTTERS, AND WAXES : 



By C. R. alder WRIGHT, D.Sc, F.R.S.. 

I^u LKtuicr pu ChuDulry. Si. Marv'i Hoapiul Medical Schml : EuminEr 
Tliorougbly Revised, Enlaigcd, and in Pail KewHtten 

By C. AINSWORTH MITCHELL, B.A., F I.C. F.C.S. 
mm : CUWLES GSIFFm S C0„ LIKITED. EXETER STREET, STRAND. 



CHABLBB ORIFFIN * CO.'S PUBLWATIOtiS. 



FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER ELYTH, M.RC.S., F.IG, P.O.S.. 

'iledU^'OIBoerof'BMJlh°orei-M»rrJ»bona'™" 

Ahd M. WYNTER BLYTH, B.A., B.80., F.C.S. 
Ubmbral Cohtbnts. — Hiitocy of Adulteration. — Legiislatioiu—Ap- 
pkratoi.— " Aah."— Sngw. — Confectionery, — Honey. — Trsftole. — Jwni 
Mid Preisrved Fmits.— StarcheB. — Wlie»teD-Floiir. — Bresd. — 0»t«. — 
Barley.— Rve. — Rice. —Maize. — Millet.— PotBtoes. — PeM. — LeotiU.— 
BeanB. — ]Iilk.— Creun. — Butter. — OleoMkrauine. — CheeM.— Lard.- 
Te». — Coffee. — Cocoa and Chocolate. — Aloohol- — BrMidy. — Rum. — 
Whisky.— Qin.-Arrack.— Liqnenra. — AbBinthe. — Yeaet,— Beer.— Wine. 
— Vinegar. — Lemoo and Lime Juice. — Muatard. — Pepper. — Sweet and 
Bitter AlmondB.~Aimat(o.— Olive Oil. —Water Analysis. —Appendix: 
AdalteratioD Acta, &o. 

" A hbw pdiUoB or Mr WyniBr BIfUii HumiluTl irork. jmicHioi wiia all na ucwi 



POISONS: 

THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.CS., F.I.C., F.O.8.. 



aSNERAI. CONTENTS. 
-Blatorical Introductloii. II.^Cl>S8i£cAtioD— Statiatici — ConnectioE 



between Toxic Action and Chemical Compositiou — Life Teata — General 
Method of Procedure — The SpecCroBoope — Elxamination of Blood and Blood 
Stains. III.— PoisonouB Gasca. IV.— Adda and Alkaliea. V.— Mora 
or Ibbb Volatile PoiHonoa* Subatances. VI. — Alkaloids and Foiaonon* 
Vegetable Principles. Til. — PoiaoDS derived from Living or Dead AninuU 
Sn&tances. VIll.— The Oialio Acid Group. IX. — loorganio Poiwuis. 
Appendix : Treatment, by Anddotas or otherwiae, of Casea of Poiaooing. 



MTVMBlMtlM] 



*.' In lb* Tnu> BDninJi, Ealuftd ud partlr Ba-wiltun, S 
gHBlDlrodBiied, udtb. atDivnuo Aualoidb, or Praiuins, t 



lONDON : CHULES GRIFFIN 1 CO., LIMITED. EXETER STREET, STII>«D. 



CHE:aiSTHY AND rsCHNULOOY. 



DAIRY CHEMISTRY 

FOR DAIRY MANAGERS, CHEMISTS, AKD ANALYSTS 

A Practical Handbook for Dairy Chemisis and others 

having Control of Dairies, 

By H. DR.OOP RICHMOND, F.I.C., 

Cenlinli.—'l. Inltodueloiy.— The Consiiiuenls of Milk. 11. Tbe Analysis Ot 
Milk. III. Norma! Milk : ils Adulterations and Alterations, and theii Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Malton. 
VI. Butler. VII. Other Milk Produols. VIII. Tbe Mill ' •" " " 

than the Cow. — Appendices. — Tables. — Index. 



mmats othet 



...jn ihi bml 
ID Engliih la 



Fully llluBtrat«d. With Pholographa ot Var 



MILK: ITS PRODUCTION & USES. 



By EDWARD F. WILLOUGHBY, 

M.D. (Lend.), D.P.H. (Land, and Camb.). 



In Ci>,i*n Svo, Fully llluiiraled. 2s. 6d. uel. 
TECi: Z.ABOEIATOBT BOOK OF 

DAIRY ANALYSIS. 

Bv H. DROOP RICHMOND, F.l.C, 

Aimlyit Id the Aylobury Daiiy Co., Lid. 



u (Jrown 8vo. HamUonie Clolh. llIuatrBted. 



a.A., D.Sc., A.K.O.S., 

nlcal Schooli loi ComwHiL 
I the Soil, their Appeuance, Oronlh. Kepro- 



By JAMES CLARK, 

PrtDdpsI ol Ihe Central Tk! 



rity UHl CondiU^ni of Eilstencs.— ^ Buteria and their BelatI 
er.— DecompcalUtin and PutrefuUoD.— VonnatiiHi and Nature of fl 
n of num-yard Uauure,— Effecta ol Tlllago Operations and ol 1 



J o( Minor Importance. 



LONDON : CHASLES «RI(FIN i CO., LIMITED, EXETER STREET, STRtNIX 



74 CBARLBS GRIFFIN * CO.S POBLIOATIONS. 

Crown 8vD, Hudsome Clotb. Fully IHustrated. vk. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A Practical Handbook for Medical Men, Analysis, Inspectors and others. 
Bv C. AINSWORTH MITCHELL, B.A., F.l.C, F.C.S,, 

Mcmbcl of Council, SocLely of Public AiulylU. 

With Numermu Table*, lllustnUiom, and a Coloured Plate. 



la ]L«tge Svo. Handsome Cloth. 

AGRICDLTURAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOU THE USE OF AQRICULTURAL SJUDEHTS. 
By J. M. H. MUNRO, D.Sc, F.LC, F.C.S., 

^ °_' '" [Ih PrtpafOtion. 

In Large gvo. HancUome Cloth. With nuinersiu Illii»tratiDiu. 

Each Volumt Complete in lutl/, aiul Bold Siparaftli/. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisms in the Arts and Manufaeturta. 
Bt De. FRANZ LAFAR, 

rm. Dt FsRuoiUUoD-PlinloCrin *nil Biu:ter<Dl<«T In thi Toohniail mtb Bcliiwl, Tlaat. 

With nn Introduction 1>T Dk. UIIL CHK. HANSEN. Prlucipil oF the CvlibrrK 

LahornUHT, CopEnlim^en. 

Vol. I.^BCHIZOHycBTIC PBRHBNTATION. 15s. 
Vol. II.. Part l.-B!UHVCBTIC PBRHBNTATION. 7s. Sd. 



ku IH ■dmlrabLfl, tho ctoABlJloftiraD aUnplf. Ibe ftjio [■ good. 



Crown Hvo, Handsome Cloth. With DiBgr»ins. 7s. 6d. not. 
[Companion Volume to ■■ FERMENTS," by the same Author,] 

TOXINES AND ANTITOXINES. 

Bv OARL OPPENHEIMER, Pu.D.. M.D., 

01 the FJiiaiulogicnl liitliluU ut Erliugeu. 

Translated i^^dm the Gkruan bv 
C. AINSWORTH MITCHELL, B.A.. F.l.C, P.C.S. 

WItb Notes, ud Addltiuoi 1>)- Die Author, iliicc tlie iiuMloatKiii ot tbe Ounnin CdlUoB. 



LONDON : CHARLES QR1FFIN & CO., LIMITED. EXETER STREET. STRAND 



OBBiliaTRr ASD TBCHSOLOGT. 

In Crown 8yo, Handaome Cloth. Price 7b- M. net. 

F E R Nl E N T S 

AlfD XHEIR ACXIOIfB. 

1* Text-booli on the Chemistry and Physics of Fermentative Changtt. 

By carl OPPENHEIMEK, Ph.D., M. D., 

01 [be PbyiiDloglMl lutltuU u Brtangcn. 

Translated rBOM the Oi;rhaii by 
C. AINSWORTH MITCHELL, B.A., P.LC, P.C.S, 
AeRiIHKti CoNTiNTa.— IntnHlQctlon.—Deflnltlan.— Cliemlail Natni 
lDfln«i« at Bxtenul Moton.— Uodg or Action.— Fliyalolnglial Actl 
ImpoituiOBOt rarin«it« to Vital Aelloa.— ProleolTtlii ramanti.— TInMiii.— oanwiuvuu 
HM Hamolytio raineala.'-VcestablB FBRsanla.— CtagnUtloK f «nn«nt4. — Bwtchult^iif 
nmanla. — Maataui.— FOlyMooIiaiMc*. — KnunuM. — TBnDsnti which deoonpoM 
OIiiooaldtt.~H7dnilrtlD Taimgnta,— Laotlo Add femtsntatlOD.— Alcoholic Fennmla- 
tim.— Btology dI Alc<diollc fenmntatloiL—OtyiluH.— Oiidlilng FenncnMUon.— BlbU- 



Tumn Edition. In Handsome Cloth. Fully IlluBtrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Revised by ARTHUR R. LING, P.IO.. P.C.8., 

CuNTENTH. - Fliyiluil Prlnclplei Iuvolve'1. — The rhumlitrr of Brewing. — Tba 
MkroBcupe. — VcgrtahlB Blolugy. — yennriitaHoo, — Wiitrr.— Barley nnd UalUn;.^ 
ArraDgeinent of Brewei? Pliiit.-IJaiii titles >jt Matcriili.-PennenlaUon.— Antlieptlo. 
— Mnlngi,~Chmrt«r!8Cla of Beer.— Dl«eiiii.'B at Beer.-lNDBX. 



niaAL CoTiTtnTB.— Iqtrulnd 



, lic-Oat Pent, Dndceil ppnt,4DcfM»nnr«tii™d 

Pvit.- MuUneii imDlaiid In the Huarutan of Peat Foel.-pHt Hon Lllter. ud the HicUihit 
nploTcd la tie lIuinbclnR^-PeiitChiRoalaiidlMMuiifHtQrii.—CHtoIni^lnr Peat Fuel ud 
CliaRoa].— Other ProdDnJadi derived [rom Pnt, each u T*r, Mumn, Candls. ^ee, Piper, At. 



THE CLAYWORKER'S HANDBOOK. 

An Epltont s/ Ue Uattriula anit Mtthodt cm/ilB^ed la Brkkmaliina and Pottttjl. 
BV THB Atruos ov "THK CHE11I3TBY OF CLAYWOKKISG," &0. 

OlVHAL CcmxTt.— Ketcrlali vtrA In ClaiwoiUni; Qui. Enichei, Bluec Cohnin 
WMer, ^liLolbk ud LubHeuu.— Tin PrniualiDii 7 the ISn. llljUnr ud QurtIu 
weAlbvtlDI. WMhlDjf . GrlndlDT- Tcnpeiiiut. AUd Fnnlng.— NmoblneTr : DnUerL SaflaH. OeDsai 
llikeblncrT.tflBiree,liDkliicllualDenr. Preeieis Ac— uwa Hud DrjlM.— fiDnHnf nd CHantofr 
— BemniorChuging, TnBi»ort.~iUni.-PlrlDt.— IMKliuihu. SerlEi(, ud PuUii(,-De(Mb 
uil WhIk— Teau, uulrnleudOontiDl.- Biilidoiafht.— Tahii.-I>dii. 

"We ua IhoruuBlily levuinmend Ibli hudv little IiooIe to ell one reader<."-Br<cl sod 
Polln-i Ttadu Jotrrat. 

lOHDON : CHARLES GRIFFIN A GO,, LIMITED, EXETER STREET, 8TIIMD. 




SicoMD Edition, Rkvissd and Enlargbd. 
Wttb TatilM, lUiutrUioDG in the Tut, nnd 37 Lilhographic Flatet. 

8vo. HanJsf.me Clolh. JOi. 

SEWAGE DISPOSAL WORKS: 

A Oolde to the Construction of Works for the Prevention of the 

Pollution by Sewage of Rivers and Estuartes. 

Bv W. SANTO CRIMP, M.Inst.CE.. F.G.S.. 

L«(B Auuual-EDiiDeer, London County Council 
"Frobdbtr thv hobt COHrLiri and hut tuba ti si do the rabiect *1udi hu %pptnnd 
in our bnd.iEC •-EdlHtu't'' MidkalJimTnat. 



TRADES' WASTE: 

ITS TREATMENT AND tTTIIiISATION, 

A Handbook for Boroug-h EngLneers, Surveyors, Architects, Btid Analyits. 

By W. NAYLOa, F.O.S., A.M.Ikbt.C.E., 

Ohlit Inipactor of Riren. Rllible JMot CanmlttH. 

Oaimn,— t. iDlroduolloa.— 11. Chsmiciil EnElaMrlns,— m.—Woot Ds-crM^ng 
»ndOr»»H!Uco™ty.— IV. TmUle InduitHoi C»1loDBle»oEjiiB»ndDj(lng,— V. IVMu 
ud OtIlao-PnutlDg.— VI. Tinning nnd Poll moDgirr.— VII. Bnviry lad Diittllarr 
Wut«.— VIII. rapeiMII! Vxiwa.—lfi. aeoeral Tnulo' Wuu.— ImDkX. 

■■'nuH li prolMblT DO mraon In Eagland u-rtiy bsiler aiwd to dsd ntlDnkll; with 
■acta ■ inblei:!."— SrrltiA &a^t<irian. 



y 



Id HAQdiome Oloth. With 59 Illaitretioag. 6«. net. 

smoke: abatemem't. 

A manual for the Use of manufacturers. Inspectors, Medical Officera of 
Health. Engineers, and Others. 

bt William Nicholson, 

Chief Smoke Inipectfir to Ititi Sheffleld Curpontiou. 
ConTKNTa.^InlroductloD. — Oi^nerBl LeulilntloD igilnit the Smoke KhIuqm.— 
Laoil Leglalitloii.—FurelgD Lawi,— Stnoln Abilanienl.— Smoke tram Bollen, itmiiom. 
kod RIIdl — Prlvita Direlllnu-Haiue Smoke. — ChlmiiEjra uid their ConitnuUoD, — 
Smoke rranDten and Fuel fiiTen. — WaitD Ouei Irom UetaUurf^ul t\inuiMi. — 
StuumuT and Caiiclnaluna.— lNt>EX. 

■' We welcome luoh im adeqaate Mtemenb on an hnportuit 9Ul]lrct,"~Bril<M 
Vailiaal Jmimal, 



Siconh Edition. In Modium Svo. Thoroughly Revised nnd Re-Writion. 

CALCAREOUS CEMENTS: 

TH£IR NATURE, PREPARATION. AND USES. 

Wttli Bame RemncliiB upon Cemen* rTeaitttiK^ 

By GILBERT R. REDGRAVE, Assoc. Inst. C.E., 



lOHDOH: CHARLES GRIFFIN & CO., LIMITEO, EXETEB STREET, STSjIHB. 



CUEMIHTRY AND TEGHNOLOQY. 



n 



With Foar Folding Pktes and Numerous lUustratioiu. Larga Bvo. 
Ss. 6d. net. 

A Praelleal TrmlUe on tHa Siltetim ofSourets ana lUe OlttrlbMlon of Wattr. 
Br REGINALD R. MIDDLETON, M. Lvbt.C, E., M.lNaT.MMH.E., F.ai. 

. — RequiraDiflDtfl u Ui Qiu]lty-—a«uuJnnioDU 

— PurfdralioiL— SbitIm itMarvoi™.— The Flow 

" ' t. -Pumping Mulilnn. ~ SpeollI 



It will tnk 



Lu Important poaltlOQ on tlie hoiiksheW'—Prattieat Sngint^ 



In L«rge Crown 8vo. Fully Illustrated. In Two Volumes, 

VOLuniK I. Fourth Edition. Price 7s. 6cl. iieti 

.. II. Third Edition. Rbadv Shortly. 

THE CHEMISTRY OF 

GAS manufacture: : 

A Hand-Book on the Production. Purifcafion. and Tasting of Illuminating 

Baa, and the Aaeay of the Bye-Products of 3aa Manufacture. 
By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 

r h>d the plekHOre of rs- 



With UiagramEt and IlliiatratiODB. Ss. net. 
THE PRINCIPLES OF IT3 GENERATION AND USE. 

By F. H. LEEDS, F.I.C., F.CS., 

Uember of tbe BoMetj ut FubHc AiikI^u uid of the Acetylene AHDcUtlon; 
AMD W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., P.C.S., 

Conmltlnii CheiDlit. AuUiorof " The Chemtatry oTOu Uualactnn)." 
'; Brimful otintormntlon."— CAeiB. Tnide Joumai. 

oC nfenneo. to ttw user u inpplyiDg vftluAble hint* ou appantua Had methisda 01 
procedure, und to the Itudent lu a Hte anil certi^n guide, "—^cfty^nc 



Large Svo. Handsome Cloth. Price IGs. nst. 

FIRE AND EXPLOSION RISKS 

By Dr. VON SCHWAKTZ. 

Tranalated from the Kevissd German Editiou 
By C. T. C. SALTER. 

GEMKtiAL C0NTKHT9.~F[»i ind BiplcnlnDB nl ■ Gei 
it — bsngeroiu Ouai.- 

■ - -»1 Prodnott .. 

Oilllel, Aoldi. ««.— Ugtatalng 



Kungen irlslng (Tom Source! of Light «nd Heat — hmgeroiu Ouaa.— Rl«k» Atlendlui 
IpeeuJ Indultriel. — UsterlMl lmp]0]>cd. _ ABrlcnltunl Prodaoti. — Fata. Oila, WW 



KeilDi.-.]iIlnenl OUl and Tar. 
IgnltlOD AppUancea, Flnworki. 

"Tbe work alTorde a nenlih af Inforniati' 
topla."— Wraniiri ~ " 

Oa awl Ci^mrman 



chemlrtry of Are and Und 
of wide interest and Tltal Importance. 



lOKDOl: CHARLES GRIFflH > CO.. IIBITED, EKET£« STREET, 8TBAIII). 



CHARLES ORIFFIN * CO.-S POBLWATIONB. 



PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

AJlw. »ftm. CaumcU, amd Eiamiiur, Sanilar, ItaHInU ^ Gml SriUm, 
aitd Mttlual Ogktr U iki SlafardiUrt CinaU, Ctumci:. 

Witb sn BDpenMi on Sanitate law. 
By HERBERT MANLEY, M.A., M.B, D.P.Ht 



'mdLidaii and WanniDE'— I 



iriplH of Sc, 

-[nfKiion and Disn 
Uk, Fuh, &c, udGi I 



c Renuivat. — Details of DrvDtce ; 



In Handsome Clolh. With ,3 Ulus 



LESSONS ON SANITATION. 



Cont; 



Bv JOHN WM. HARRISON, M.R.San.I., 

ncor. Auoc. Mun. i„i County Engint"! i Surveyoi, WombwtlL, York*. 



— Foodfniticcliiiii.— I>ai;i:t oT an Inipntoi of Nuiiasccs and COnsian 

Lodning-Housa.— Inlenioui biuaiet Acts.— Fsetoty and Workshop AcB, — Ht ' 

Ihc Working'CUsa Ael Shop Hours AcU— Sale of Food and I>ni|t * 

laiiH Actt.~Salc of HoniflEsh, &q.. Rivers PolludDD.— Canal Boau A 
Astnuli.— Da<riei,CoMbedtaad MillLshoiH Ocdec— Model Bye-Uwi.— I 



— f^Hai^ 



, Revised. In Cto 



IlIUElrated. Sa. 6d. r 



Handsome Cloth. Profusely 



SANITARY ENGINEERING: 



By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Boiouth Engiaert and SuTveyor, Fulham : Ule Bonugh EnjiineeT, Batnip, Land. 
GEHERAI. OONTSNTS. 
Inuoductioo.— Hydraulio — Velodty of Watci in Pipes.— Earth Prcsiurcs and Bclaininc 
— HOUK Dfainapi.— Laiid Dniiaaee.— Sewei*.— Sopanile SyMEm.— SewajB 
"DBtUatuHi.— Dninai* Areaik—Somi. MaohalH. ftc— Trade BeJiiH.— 

'orin Baclena] TnaDneal ^adgc Divoiai. — Conttnictico aad 

— RtAiH Dupoul Chinuieyt and FcnudatiaBi. 

I bs n, uie txwkilulHs afEvmar PKAcncAL aiHsiiiEHi>.--£ia4»f7 yi ■■■■■■(. 



WallL-Pomn.- 



lONDOH 1 CHARLES QRIFFIN A CO.. LIMITED. EXETER STREET, STRAND; 




OHEMISTRY AND TJSCHS0L067. 



VOL. I. Now Ready. In Half Morocco, Z4s. net. 



PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
HANDFACTUBESS AND SCIENTIFIC CHEMISTS. 

Volume I. — Chemical Engineeriiig, Physical Chemistry. 
Volome II Chemical PhysicB, Pure and Analytical Chemistry. 

By JOHN CAST ELL- EVANS, F.l.C, F.C.S., 

Ucturct nn Iwrg^inic Chcniiilry iwl Mtiiliurgy it iht Kinibury Ttchnicil CoUigi. 
The Tabln may alidnil claim la be eihauitive, ud embadjr ai 



dbye. 






Phyuc 



in ChHnuttyaiid 



The Work CDrnpreDCDd* u ur u pouible all rulbs ahd tapld loqutnd br tlH 
AnalyU. BiEwer, Diililler, Acid- and Alluli-MaiiulKtuKr. &c. &c ; and ^ ihe priii. 
cipal d>u ia Thi»ho-C>iiihistiiv, Electhd-Chihistiv, uid Ihc vaiioiu bnncba of 
CmMiCAL PHvaicS' Every po&uble care h>i been uken to en^f« pcifcct accuracy, asd 
lo include the r^^u of the moil recent iavetCiffAtHm». 



Shcosii Editiqs 



Handsome Cloth. BtatUiJiiUg 



Road Making and Maintenance: 

A PBACTICAI. TREATISE FOB ENQIITEEBS. 
SUBVEYOBS, AND OTHERS. 



t HisToKicAL SarrcH or Ascibkt a 



> MoDiRM pKAcnca. 



By TH08. AITKEN, Absoc.M.Inbt.O.E., 

Hembnot lb< AesDulalloDuniDDlcltiftlaiidaoaDty Zofijieen-. Xtmbet ollbt BtvUtrj 
IDIL: Uumyor lo lUa Cuanl; CoudciI of Fife. Caiar Diitaloa. 

WITH riUMEItOUS PLATES. OIAQIIAMS. ADO lUUSTgATIOHS. 

CoilTKllT<i. — HuCorical Sketch. ^Resiatuice of Traction. — LayiDoont 
Now Koftds. — Earthworke, Drainage, aad Retaioing WalU. — Boad 
Materials, or Metal. — Quarryiug. — Stone Breaking and Uanlage. — Road- 
RolUng and Scari^ring. — The Construe ti on of New, and the A^iintenaiica 
of eiUtitig Roada.— Carriage Ways and Foot Ways. 
'"nKLItennillleliiicaLUKT. , . . AcavpaaHiigiTiuidiiGiLLisTllii'leni Book, an 

LONDON: CHARLES GRIFFIH A CO., LIMITED, EXETER STREET, STRAND: 



So CHARLES ORlFPm ± CO.'.S pnULWATIONS. 

FoUKTK Edition, Revised and Enlarged. Whh lUuitntians. 12s. 6A. 

Painters' 
Colours, Oils, & Varnishes: 

A FBACTICAl. HANUAlh 

By GEORGE H. HURST, F.C.S., 

Mambaof the Society or Chemical Industrv; Lecturer an (be Technology o{ Painim' 
CdIouti, Oiti, ud Vomi^H, Ihc MunLdpal Technical School, Maucbotti. 

Gbnekal Contents.— Inirodueiory—THK Composition. Manufactuib, 
Assay, and Analysis o( Picments, White, Red, Yellow and Orange, Green, 

Blue, Brown, and Blaclt— Lakes— Colour ana Paint Machinery— Piini Vdiicle* 
(Oils, Turprnline, &c., *c.)— Driers— V Alt NISHBS. 

" A THOROUGHLY FBACTICAL book, . . . Uw OHLT English UTork thai suutactorily 
EreaU of the maaiJaclure of oilA. cokiurK, uid pigmema.'* — CArmicjU Tr^t^ yffummi 

*.* For Mr. Hurst's Garment Dveing and Clbaning, see p. S4. 
In Ciown Svo. Handsome Clolh. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnbhes. 
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Painting and Decorating: 



By WALTER JOHN PEARCE, 

aENER&I. CONTENTS. 

IntrodncHon— WfrlcBhop and Stores— Plant and Appliagpea — Broshee and 
Tooli— MateriaU : Pi^ents, Driera, Pwntera' Oil*- Wall Hanginga— Papa* 
Hansmg— Colour Miiing — Diatemperiiig- Plain Paintins — Stainme — Vainiah 
and VamiahinB — Itnitatdve Painting — Grainiiig — Maroliag — Gilding^-Sjaii- 
Wriling: and LBttering— Decoration : General Principlea — Decoration in ISa- 
temper — Pwnted Decoration— Relievo Decoration — Coloor — Uesaoring and 
Brtuuatitig — Coach-Painting — Ship-PuntinB. 

"A tBOROUOBLY USKFIJI' BOOK . . . OOOS, SOtTHD, PRAOTIDAI. IHTOB- 

■ATloN in a clear and concise roRH." — FlujiAer and Drcoralor- 

So jnu. a 



e 



txurpLlTl that it would be difficult t<> imagine bow anjUung fuitlier could ba 
added about the Painter's craft."— Bui Wm^ Jonmai. 

LOHDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STUAND, 



CBBMJUTSr AND TKSCMNOLOQY. 



l......„...,..^ 

^^^^m ATrestlse on the Nature of India Rubber. llsChemicsl and Physical Examlna- 
^^^^1 tlon. and ihe DGLernitnHtion and Valuation of India Rubber Substltates. 
^^^^B Including the Outlines of a Theoiy on Vulcanisation. 

^^* By carl otto WEBER, Pu.D. 

■ " KiplclE wiib icicniiliG and aJu wiiii utluiical intereU. . . . The HctioD ao pbitusl 



' Second Eoir 



1 Large 8 



Hancl»>nie Clolli. With 4 Plates 



In Large Crown 

G i^ u e:, 



Bvo. Fully Illuslialed. Js, net. 
AND THBIR ALLIED PRODDCTS, 



of cKTrnd' 



By THOMAS LAMBERT, 

AnBlyliol and TccIidIcbJ Ckcmitt. 
-HlHorical.— Ciuii.— GiLATiKE.— Siie and lilnKlaii.— TrtUmMt ' 
iD Clue and Cclaline Making. -Liquid and DIliMGIiin. Cemenu, ft( 
nElnliut.-Roiduil Products.— Aaalyili or Raw >nd Fioiibtd Pn> 



At Pkiss. In Lanie Svo. Handsome Cloth. Fully Illustrated. 
THB ANALYSIS OF MATERIALS USBD IN 

By s- i . I ! -I ■.! 'N, M.A., F.I.a, _ 

IVKorsrscpFCoKTiMT-.- s ,,.',,-- i I, , v.'i^K, AlioU", &£.— WalH.-Dtpilalion 
I DeliininE.— FleshiilBi. &l'.~GIiif. - S)>eiii L^iguars.— MiDCral and Vogtlahle Tinainjt 
n-r. c ... "Tmiiliei.— Sliin.— Le>ih«. — Dyisiuffj.— Degrcuing Ajenti.— 



In Medium 8vo, Handsome Clolh. Fully Illuslrnled. 12s. 6d. net. 

PAPER TECHNOLOGY! 

AN BLEmENTARY MANUAL ON THE MANUFACTURE. PHYSICAL OUAUTIBS, 

AND CHEMICAL CONSTITi/ENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Othera. 

By R. W. SINDALL, F.C.S. 

CoNTBKis.— Tnlroduclinn. — Ttchnical DilEcutties riUuing to Paper.— Rag Papira. — 

EnUTla, Straw, Nat» on firatiiiE.—WiKid Pulp.— Wuod Pulp Papcn.— Packing PaKn — 

"Ah" Papcis.— Th* Phyjicai Qmlilios of Paper,— The Ckeaiiial ConRlluenw of Paper. 

— The Micniscope-— Fibroui Maleriali uted in Paper- making — AnalyiU of a Sbcei of 

r.-The_C.B S. Uniti^- Cellulose and iti_ Dtrinui™,— Hiilori, Chrtmology, and 



ii"gly 



-. -. -Hiilory, „, 

Lar<r of Chemical Terms.— GlouacjF.^Cily and Guildi QucMi 

I particularly utrt\H.-—Pi^/r Makrri MtnlXljI' 



In Large Svo. Handsome Clolh. Wilh I'lnlcs niiil Illus 

THE MANUFACTURE OF INK. 

A Haniiooh af tke ProKucf/on and Proatnlia of Printing. Wtltlitg. and Cnpvlag InUi. 
Bv C. A. MITCHELL, IJ.A,, F.I.C., F.C.S., & T. C. HEPWORTH. 



"Ttioroudliliyv, 



ifelyprat 



LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRANa 



ithe: •x-bxt'ik. 



z MDU BT« 1 e: 8. 



A MANUAL OF DYEING: 



CHB. RAWSON, P.I.C, F.C.S.. 



E. KNECHT, Ph.D., F.l.C. 



And RICHARD LOEWENTHAL, Ph.D. 
OiliEKAi. CoNTKKTH. — Cbcmic&l Technology of the Textile Kabrtoa — 
Water— Washing and Bleaohiog — Acids, Alkaliea, MordBota — Natural 
Oolooriag Mntters — Artificial OrKatiic Colonring Mattflra— Minenl Coloan 
— Mschiaery used in Dyeine — Tinctorial Properties of Colouring Matteri — 
Analysis and ValiutiDii of Materials used in Dyeing, Aa., Ac. 

in Large Sm, Handioi^ie Cloth. Pp. i-j:c + 4OS. We. ntt. 

THE SYNTHETIC DYESTUFFS, 

THE INTERMEDIATE PRODUCTS FftOM WHICH THEY ARE DERIV£B. 
By JOHN CANNELL CAIN, D.Bc. (Manchbsteb *nd TUuikobs), 

And .IOCELYN FIELD THORPE. Ph.D. {Hkioblubu-i), 

LMtnier on Colmirlng Maltan In the Victoris T'nitenlt)' ol Manchestet. 

Part I. Tbeopetlcal. Part II. Praotloal. Part III. AnalrtleaJ. 

" We tisvi DO beiltotloli ia ilncriblng Mils lreatl» aa one ol the most valuable book* 
thathu sppeared. . , . Will itlve an trapetiu to the slnrty of Oi^anlo ChBOilttiT 
gtatnlt}, —Clitmitat Trade Jotiinol, 



Oompaniim Volume to Ktfchi it RtKson't " Dyting." /n Largt Svo. 



DYES, MORDANTS, & OTHER COMPOUNDS 

DSED IN DYEING AND CALICO PRINTING. 



By OHRISIOPHEK RAWSON, F.l.C, F.C.S., 
WALTER M. GARDNER, F.O.S., 

HmdofthaDoiutincntafClKiiuiitrTuid DrcLnr, BndTDrd MBnldiial TkIuIiiiI Oollin: 
Bdilor nf Ibc " Jonm. aor, Drcn ud CdJoutUU /' 

AUD W. F. LAYCOCK, Ph.D., F.C.S., 

Aoilittsl uid CaniuIIiDE Chsmllt. 
"Tnrnla lbs book as ana mar on ■niiubisct, oruv (Dbiiaiies In caiUMtiaD vllb ttaa 
■nde, and trarsraoHiBBon lobs toa^A Tbs inlhon bain appartntlylBrt smlilngoia.'' 
—TixWi ilfrairv. 

^ONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STftANO. 



THE TEXTILE INDD8TRIES. 



Large 8vo. I'rofuBely Ilhia 



I and Figures in the Teit 



THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP. JUTE, TOW, & RAMIE). 

A Practical Manual of IAb most Mtatrn MetHeai aa a/ipiua (o Me HacMlng. CarttiKg. 

Prtparlug, Spinalng, anil taiiatlna of tlie Long Vegetatle Fibres of Cammarce. 
By HEKBEBT R, CARTER. BbUmI and LUlo. 

OmiRAL C0NTBHI9.— Lemg VegeUble Kib™ of Conunerca.— Blto uid Growth at 
Uw SplDotiig Indutr;.— Ki<r nbra MukeM.— PurctiulDg Eaw Uatsrlnl.— Storing uiil 
^■llmlurT Operation!.— HacklinK.—SorUnK.— Preparing.— Tow CanUug ind UlxtOE.— 
TowCombing.— Gill B^oulne— The RoTlngftame.— Dry and Deml-ieF Spinning.— WeV 
Splnnlnr— Spinning Wants.— Yum Rwllne.— Uanalaolura ol Tbrewli, Twlnc^ and 
Onrdi.-^n MBking.— The Ueehanlal Department.— MoJnrn Mill Countruotlon.— 
Stoaa and WiMc Pomr.— Power Tranamiukm. 

" Keeti the reqalremeiitg uf the Ulll Uanager or AdTauoed Student in a manner 
perhapi more than aatitfactory. . . . We muit hlghl; cammeud the work u nipd' 
•entlng up.l«nlaM practlM,"- Jfofiin". 

]n Lame 8^'n, Handsome Cloth, wkh XvvifroUf IllwUralioii,.. 9'. n^l. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

Tbe Ocaurrence, Bistribution, Preparation, and Industrial 

TTbob of the Animal, Vegetable, and Mineral 

FroduotB nsed in Spinning and Weaving. 

By WILLIAM I. HANNAN, 



In La^e 8vo, wllh lUiistralions and Prinled Pallems. Price 3l>. 

TEXTILE PRINTING: 

A PBACTICAI, MANUAL. 

Including the ProceBsea Used in tbe Printing of 

COTTON, WOOLLEN, SILK, and HALF 

SILK FABRICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S.. 

Gbs'eiuj;! Contents. —lutrodiiotioa. — The Machthery Died io Textile 

Printini[.— Thic' - " ~.. - • .■ - -t .. ^ , 

BteuD Style.— I 

Padding Style.- , ,_ ., 

ColouringB, ftc— The Printing of Woolleo (jikhU.- The Printing 
Gooda.- Fntctical Rooipea (or Printing.— ITsefijI Tables.- Pattama. 



LONDON: CHARLES GRIFFIN 4 CO., LIMITED. EXETER STREET, 8TRAK0. 



aUHLK/i ORIFFIN A GO.'S PUBLICATIuAS. 



Large Svo. HuidsoDie Cloth. 13a. fid. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

By OEORGK DUERR, 

DtncLor -I Llm UlnuhLng. Uisliil. anil Pdnljni Daptrtmeitl U, Ihi AccrlniUHl Ui4 Ciuilv 



GENERAL CONTENTS. -OaTTOW, CumpoMtion of; BL»i(7HiKa. N»w 
Prooessoa t Printins, Hand-Block ; Plat-PreM Work ; MkIuiib Pristdng— 
MoBiiANTH— aTTUEB Of CiUCO-i'ltlNTTNa : The Dyed or Madder SMa, RmU 
Padded SWle, Diflcharge and Extract Style, Clinaiied or Raised Colonn, 
InBolable Colnnn, &c — Thlckenere — Natural Organic Colonring MatUn 
— TanDiin Matters — Oils, Soape, Solveata ~ Organic Acids — Salts — Mineral 
Colonrs— Co»l Tar Colon™— Dyeing— Water, Softening of— Theory at folonn 
-Weights and Meanoreih Ac. 



GARMENT 
DYEING AND CLEANING. 
A Practical Book for Practical Hen. 
Bv GEORGE H. 



iring and Dyeine of Skin Rugs and Mats— Cleaning and Dyeing of Fealbas— 
B Cleaning and Dyeing— Straw Bleaching and Dyeing— Glossary of Dn«B 
Ud Chemicals— Useful Tables. 

" An UP-TO'OATX hand book has Jdd2 bccD *aal«], and Kir. Hurst hu doae DBtbiai 
more eomplete Lhui thu. An imporUbi work, ibe mon » Ibal lereral of &n braachesor 
the craft here tieaLed upon ore alrnoit endrdy withoul Eoglifth Muiutli for Lfae tuidiBca 
dfworkcn. The price biingi it iritiun ihacath of ili."~-DyrT and Cilicp-PrmUr. 

" Mr. Hunt*! iratii decididlv fills a waht . . . inifhl u be ui the haadl of 

LONDON: CHARLES GRIFFIN i, CO., LIMITED, EXETER STREET, STRAND. 




INTRODUCTORY SCIENCE SERIES. 



1 tba PublUbiin ftooi Ui* Hwd' 
tnatln of ODfi or our great i*ubiic hcdodji, 

UandBoms Cloth, 7b. 6<i. Gilt, for PresenUtian, 8a. 6d. 

OPEIl-fllH STUDIES ijl BOTflllY: 

SKETCHES OF BRITISH WILD FLOWERS 

IN THEIR HOMES. 

By R. LLOYD PRAEOER, B.A., M.R.I.A. 

Ulastrated b; Drawings from Nature byS- Rosamond Praeger, 

and Photographs by B. Welch. 

Ue.vskal CoNTiNTa.^A Ditisy-Sturred Posture— Undsr the Hawthoriu 

—By the River— AloDg the Shingle— A Fragrant Hedgerow- A Conneman 

Bog — Where the SamphirB arowa — A Flowery Mesdow — Among the Corn 

(a Study in Weeda)— ^ the Home of the Alpisea— A City RabbiBh-Heap— 

Olosiary. 

"A ntlBH jiiiD BTUmUTiNa book . . . ibaiilil tAksshlgh plMw . . . Ibi 
lUuitntloiit ua drawn with maeb MiV—Tlu Timii. 



meadow,"— rA< Slandani. 



With 12 Full-Page tlluatrafiona from Photographs. Cloth. 

Second Edition, Reviaed. 8a, 6d. 

OPEn-AIIl STUDIES IJl GEOLOGY: 

An Introduction to Geolo8:y Out-of-doors. 

Bv GRENVILLE A. J. COLE, F.G.S., M.R.I. A., 

ProrsHoi ol Geology [d ttie Roral ColJega or Solenca For Ireland, 

and Examiner In tbe Ualvenltf ol LiHidoa. 

Gknekal Conibntb. — The Materiala ol the Earth— A Mountain Hollow 

—Down the Valley— Along the Shore- Aoroaa the Pluni— oiead VolcanoM 

—A Granite Highland- The Annals of the Earth- The anrrey Hilla— Th« 

Ifolds of the Monntoiiii. 

"The ritciBtTma -Ofu-Ais Sitrntu* ol Faor, Uoli iIts Uia labjeoi a ai.o« or 
uuuTioK . . . cnnairaU to aranae keen Iniarsailn feolofy."— S»l<irva<i(<iaiuin(. 



OPEH-fllR STUDIES IJl BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HADNT8. 
By CHARLES DIXON. 

The SpacionB Air.- The Ojien Fields and Downa.— In tbt Hedgerows.— On 
Open Heath and Moor.- On the Mountains.— Amongst the Evergwena.- 
Copse and Woodland.— Bv Stream and FooL— The Sandy Wastes and Mud- 
Bats. —Ses-Iaved Rocks.- Birdi of tha Cities.— IkdsI. 

"Enriched with eicelleni illustrsiioD.-, A welcome addiiioa to all libiuiu.'-— W/K- 
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CHAJtLES GRIFFIN d: CO:S PUBLICATIONS, 



Twenty-third Annual Issue. Handsome Qloth, 78. Od. 

(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or TRB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 

AND IRELAND. 

OOMPZLED FROM OFIIOIAL 80UB0K& 

OompHsIng {together with other Official Information) LISTS of the 
PAPERS read during the Seeeion 1906-1906 before all the LEADIMQ 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
mente of Reweareh ;— 

1 1. Science Ge&enlly : i>., Sodedes occupy^ 
ins thenuelTes with serend Brandies of 
Saence, w with Science and Literatnre 

and Physics, 
try and Fhotc^E^aphy- 
r. Geography, and Mineralocy* 
; indndinc Microscopy ana An* 



f 4. Geology, 
Is. Biology 

thropology 



9 6. Economic Science and Statistics. 
I 7. Mechanical Sdence, Engineering, 

Architectnre. 
« 

9 9. Agriculture and 
9 ro. Law. 
9 rr. Literatnre. 
I rs. Psychology. 
9 r3. Archaeology. 



Naval and Mifitary Scsenoe. 
orticultnre. 



■7 
He 



9r4. Mbdicinb. 



a 



Fills a very real want." — Engirteering. 
" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh MtdkcU 
faumal, 

'* The Ykak-Book or Soctsms is a Record which ought to be of the greatest use for 
An progress of Sdence." — £»frf Pktjfnr, F.X.S., K.C.B., M.P., Pasi-PrtsuUni ^ftkt 

"It goes almost without saying diat a Handbook of this subject wiU be 
one <rf the most generally useful works fog the library or the desk." — Tht Timet 

"British Societies are now weU l ep Baee u ted In the 'Yeat^Book of the I 

IreUuML'MArt. "Societies 



of Great Britam 
** Bncydopedia Britannica,** toL xxaL) 



Sdendfic and 
in New Edition of 



Copies of the First Issue, giving an Account of the History. 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



The YEAR-BOOK OF sociETias forms a complete index to the sciektific work of the 

wwioniii^S^^h^varwu^Departmentt. It is used as a Handbook in all our great 
Scmrnpic Centres, Museums, and Libraries throughout the Kingdom, and has become 
an IHPISPEKSABLE BOOK OF REFERENCE to evcr>' One engaged in Sdentific Work. 

READY IN OCTOBER EACH YEAR, 

LONDON: CHARLES GRIFFIN A CO.. LIMITED, EXETER STREET. STRAITO. 
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